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SHEETING ROLLS 


for the TEST BAKING LABORATORY 


Ww manufacture two sizes of sheeting rolls; the 3’ width 
for Pup Loaves and the 6” width or 1 lb. size for all 
loaves from Pup to Standard loaves, which model is shown be- 
low mounted with three-roll-type moulder. 


Our Three-Roli-Type Moulder can be attached to either 
size sheeting roll, and is driven from power take-off of speed re- 
ducer of same. When ordered at 
the same time as the sheeter we mount 
both on a common base. 


UNIVERSAL “THREE-ROLL-TYPE” MOULDER 1 LB. SIZE POWER SHEETING ROLL 
PRICE $80.00 as shown above, including G.E. 110 V., 

Test Bake Moulding can be done me- A.C. motor, speed reducer and foot 

chanically with the operator confident that switch. 

his doughs are: PRICE $160.00 


1. Moulded and sealed in an effective and 
GENTLE manner, 


2. Ends of doughs are not abused and PUP SIZE POWER SHEETING ROLL 
3. a soummen on dough is visible at Same as above but 3” width 
4. Variation between operators is reduced. PRICE $125.00 


LINCOLN, NEBRASKA 


NATIONAL MFG. COMPANY Ei 
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TOMORROW: SHOPPERS WILL DEMAND FLOUR ENRICHMENT 


That War Food Order No. 1 has for two years, now, made enrichment of bakers’ white 
bread and rolls mandatory—and that it appears likely to remain in force for some 
time yet—tells only two parts of a four-part story vital to you. 

Part three: Housewives, returning from war work, men returning from the Service, 
have experienced the benefits of improved nutrition, have learned the values in food 
enrichment. They are going to insist on enriched bread, even without Government 
orders, and they are also going to insist on enriched family flour. 

Part four—which is up to you: The flour milling industry today, through vitamin 
enrichment, is in the fortunate position of leadership. Preserve that leadership through 
continuing emphasis on enrichment. Enrich ALL of your family flour. 


Consult: Vitamin Division HOFFMANN-LA ROCHE, Inc. Nutley 10,N.J. 
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Which has the yreaterx influence on 
loaf, characteristics 


ALPHA AMYLASE, the liquefying enzyme, or 
BETA AMYLASE, the saccharifying enzyme? 


Several papers presented at Omaha showed that 
Alpha Amylase has by far the greater influence. 


MALT FLOUR, then, should be added on the 
basis of its Alpha effect, 
rather than its Beta Amylase (saccharifying) effect. 


MALTOSE tests, then, give misleading informa- 
tion regarding the effect of Malt on loaf character- 
istics, especially where flours from different sources 
are tested. 


Malt flours, and malted flours, should be tested 
for Alpha Amylase, primarily. 


AN EFFICIENT, SHORT-CUT ALPHA AMYL- 
ASE TEST IS THE AMYLOGRAPH TEST 


It takes 3 minutes to 
prepare a sample and 
start the test. 


Then the AMYLO- 
GRAPH does the 
rest. 


After 40minutes, stop 
the instrument and 
tear off the curve 
showing the Alpha 
Amylase effect (with- 
out any influence of 
the Beta Amylase 
effect). 


ASK FOR OUR NEW RENTAL PLAN 


BRABENDER CORPORATION 


Rochelle Park, N. J. 
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Ascorbic Acid Merck 
(U.S.P.) was made avail- 
able by Merck & Co., Inc. 


1936 


Vitamin B; was synthe- 
sized in the Merck Re- 
search Laboratories. 


1937 


.niamine Hydrochloride 
Merck (U.S.P.) was made 
available in commercial 
quantities. 


1938 


Nicotinic Acid Merck 
(U.S.P.) (Niacin) and Nic- 
otinamide Merck (U.S.P.) 
(Niacinamide) were made 
commercially available. 


1938 


Riboflavin Merck (U.S.P.) 
was the second pure crys- 
talline vitamin to reach 
commercial production 


during that year. 


1938 


Alpha-Tocopherol (Vita- 
_ E) was identified and 

nthesized by Merck 
mists and their collabor- 
ators in other laboratories. 


Co., Inc. 


For a decade—since 1934, when Ascorbic 
Acid was synthesized—the name Merck 
has been identified with leadership in the 
synthesis, development, and large-scale 
production of pure vitamins. 

The following list of contributions in 
the vitamin field made by Merck chem- 
ists and their collaborators emphasizes 
the outstanding réle played by Merck & 
in the development of these 


vitally important su 


Vitamin Be was the- 
sized in the Merck Re- 
search Laboratories. 


1940 
Vitamin Be H: rochloride 
Merck oxine Hy- 


drochloride) became avail- 
able in commercial quanti- 
ties. 


1940 


Alpha-T herol Merck 
(Vitamin ) was made 
commercially available. 


1940 


Vitamin K; Merck (2-Meth- 
yl-3 -Phytyl-1,4-Naphtho- 
quinone) was made com- 
mercially available. 


1940 


Menadione Merck (U.S.P.) 
(2- Methyl-1,4-Naphtho- 
quinone), a pure chemical 
having marked Vitamin 
K activity, became avail- 
able in commercial quanti- 
ties. 


1940 


Pantothenic Acid, member 
of the Vitamin B- -Complex, 
was identified and synthe- 
sized by Merck chemists 
and their collaborators in 
other laboratories. 


1940 


Calcium Pantothenate 

tory, a biologi- 
cally active form of Panto- 
thenic Acid, was made 
commercially available by 
Merck & Co., Inc. 


1943 


Biotin, member of the Vi- 
tamin B-Complex, was 
synthesized in the Merck 
Research Laboratories. 


1944. 


Biotin Merck was made 
available for investigative 
use by Merck & Co., Inc. 


Merck & Co., Inc. now 
manufactures all the vita- 
mins commercially avail- 
able in pure form, with the 
exception of vitamins A 
and D 


CEREAL 


BAKING INDUSTRIES: 


Merck 


Enrichment Ingredients 


Merck 


with War Bonds 


MERCK & CO., Inc. 


AM. 


New York, N.Y. + Philadelphia, Pa. « 


RAHWAY, N. J. 


Chemésts 


Chicago, Ill. * Los Angeles, Cal 


In Canada: MERCK & CO., Ltd., Montreal and Toronto 


FOR MILLING, 


St. Louis, Mo. ¢ Elkton, Va. 
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The Cenco-DeKhotinsky Thermo-Regulator 


Constant temperature is easily maintained through electrical application of heat— 
but the watchdog of temperature is the thermo-regulator employed in the circuit. 
Those temperature-controlling devices that have established a record of dependa- 
bility under a variety of conditions are the object of search of many an engineer. 


The Cenco-DeKhotinsky Bimetallic Thermo-Regulators have a record of many 
years of dependable service in Cenco constant temperature appliances and in indus- 
trial applications. These regulators are used to maintain a constant temperature 
at any predetermined value up to 260° C. with variations of from a few tenths of 
a degree centigrade to several degrees, depending upon factors in the medium other 
than the regulator. 


{ 99005C Cenco-DeKhotinsky Thermo-Regulator with single contact for 330 watt loads..... $9.50 


CENTRAL SCIENTIFIC COMPANY 


SCIENTIFIC INSTRUMENTS GNO LABORATORY APPARATUS 
NEW YORK TORONTO CHICAGO 80STON SAN FRANCISCO 
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Fighting Men Come 


The needs of our fighting men must be met—and here Ko Re 
at Corning we are devoting every effort to that end. If PYREX 


laboratory ware is needed by our Armed Forces on the 
fighting front; if it will serve the nation’s war effort in 
the production of vital matériel; if it will aid in saving 
the life of just one American boy—then it takes first 
place here at Corning. 

Your laboratory supply dealer may at times be tem- 
porarily out of certain standard catalog items in Pyrex, 
Vycor and Corning brand Ware. And Corning’s Lamp 
Shop may be unable to fabricate your special apparatus. 

When peace returns your laboratory supply dealer 
and Corning will again be enabled to provide the 
service you desire and merit. Until then, Victory and 
your fighting sons come first at Corning. 


“PYREX”, ““VYCOR” and “CORNING” are registered 
trade-marks and indicate manufacture by 


CORNING GLASS WORKS ¢« CORNING, N. Y. 


’ 
BALANCED FOR ALL-AROUND USE Convive 
means 


brand LABORATORY GLASSWARE Research in Glass 


Pree 
at Corning | 


“Whad'ya Know, Brother, About 


EVERY TECHNICAL man is supposed 
to know his own field thoroughly 
and have a general idea of related 
technical fields. But few food proc- 
essors have time to develop more 
than a sketchy knowledge of these 
related subjects. 


Take the bulkiness of salt —specific 
gravity—which may vary rather 
widely. A survey of various salt 
products from different sections has 
shown that even salt of the same 
grade can vary up to 25% in bulki- 
ness over a period of months. 


Diamond Crystal processing engi- 
neers have eliminated this variation 
to a considerable extent through 
rigid control of crystallizing condi- 
tions and the most modern screening 


methods. Thus the various grades 
of Diamond Crystal Salt will not 
vary more than 4% plus or minus 
—usually not over 2%. 


If you, as a food processor, are 
applying salt by volume—through 
a hopper, for example, as in salting 
soda crackers, potato chips, and 
similar products—you can only 
achieve really accurate flavor con- 
trol by using a salt that varies but 
slightly in bulkiness. Why not check 
the density of each shipment of salt 
you are using and see how much it 
varies in bulk? 


_NEED HELP? HERE IT IS! 


If this is the solution to that difficult 
variable-flavor problem, write our 
Director of Technical Service. He 
will be glad to help you find a cure. 
Diamond Crystal, Dept. M-4, St. 
Clair, Michigan. 


DIAMOND CRYSTAL 222" SALT 


Kos 


These two powerful Dow fumigants provide the answer 
to practically every food fumigating requirement. 


Dow Methyl Bromide 


Because of its penetrating power— 
unmatched by any similar product 
—Dow Methyl Bromide reaches the 
center of 140-lb. bags of grain stacked 
in large piles. It quickly accomplishes 
a complete kill of rodents and in- 
sects in all stages of development 
and, because it vents rapidly, per- 
mits a return to work the following 
morning. 


Dow Chloropicrin 


This well-known fumigant is espe- 
cially well adapted for use in buildings 
not sufficiently well constructed to 
confine other gases. It is also widely 
used for rodent control, since very 
small quantities properly placed, will 
dispose of them in a hurry. Where 
“spot” fumigations are desired be- 
cause of localized infestation, Dow 
Chloropicrin is thoroughly reliable. 


Additional information on these two powerful answers to fumigation problems 
is available on request, or Dow can vy you in touch with a competent industrial 
fumigator specializing in the food field. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York Boston Philadelphia Washington « Cleveland Detroit 
Chicago St. Louis Houston San Francisco « Los Angeles Seattle 


i 
* 
DO Was 
: 


CONTROL 


UNBIASED laboratory tests over a period of several 
years have conclusively proved that NATIONAL GRAIN 
YEAST is far superior in the matter of dough control. 


And it is because of this and other outstanding quali- 
ties that thousands of progressive bakers have come 
to regard NATIONAL GRAIN YEAST as a primary 


essential in the art of baking better bread. 


NATIONAL GRAIN YEAST CORPORATION 


Chanin Bidg., N. Y. C. * Chicago, Crystal Lake, I!l.* Belleville, N. J 
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You CAN DEPEND 
UPON THESE TOP-NOTCH 
SHORTENINGS .... 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 
The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
standard.” A quality shortening especially rec- 
ommended for doughnut frying, for pies, cook- 
ies and bread, and for other shortening purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . CINCINNATI, OHIO 
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Better 
KJELDAHL NITROGEN APPARATUS 


Unparalleled system of fume disposal (Patented) 
Not available in any other apparatus 


tillation Unit, Electrically Equipped 
and with 3 heat switches. 


Detailed specifications and full in- 
formation will be sent on request 
without any obligation on your part. 


Also 


LABORATORY EQUIPMENT TABLES 
“GOLDFISCH” ELECTRIC HEATERS 
“GOLDFISCH” EXTRACTION APPARATUS 


CRUDE FIBRE APPARATUS 


“LABCONCO” WIDE RANGE GAS BURNERS 


Catalogue on Request 


Your inquiry is invited. No trouble to submit proposals on 
your requirements and, of course, without obligation to you. 


Manufactured and sold direct to the user by 


Laboratory Construction Company 
1113-1115 Holmes Street, Kansas City, Missouri, U.S. A. 


Your Choice of 
— and Durability 

Pictured—Combination Digestion and Dis- 
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SIMPLIFIED COLORIMETRIC DETERMINATION OF 
THIAMINE IN CEREAL PRODUCTS 


Metvin HocHBERG, DANIEL MELNICK, and BERNARD L. OSER 


Food Research Laboratories, Inc., Long Island City, N. Y. 
(Received for publication August 28, 1944) 


Since the procedure for the colorimetric determination of thiamine 
(Melnick and Field, 1939, 1939a, 1939b) was published, various moai- 
fications have appeared (Emmett, Peacock, and Brown, 1940; Auer- 
bach, 1940; Rothchild and Gray, 1942; Alexander and Levi, 1942; 
U.S. Pharmacopoeia, 1942; Platt and Glock, 1943). The method used 
in this laboratory is a composite of the procedures of Melnick and Field 
(1939, 1939a, 1939b), Rothchild and Gray (1942), and the current 
Pharmacopoeia (1942). It is much simpler than that originally de- 
scribed and should find ready application in most analytical labora- 
tories since it does not require expensive apparatus. By the revised 
technique, 12 to 15 determinations may be conducted by a single 
analyst in 8 hr of working time. The specificity of the colorimetric 
method for thiamine has been demonstrated by experimental study 
(Melnick and Field, 1939). Unlike other thiamine methods, blank 
tests are not required. 


Colorimetric Determination of Thiamine 


Reagents 

SULFURIC ACID SOLUTION: 0.05 N. 

SODIUM ACETATE SOLUTION: 1.8 M. 

PHOSPHATASE PREPARATION: Takadiastase (Parke, Davis, and Com- 
pany, Detroit, Michigan) or Mylase-P (Wallerstein Laboratories, New 
York City). Preliminary analyses should be conducted on these 
preparations to insure use of enzymes relatively free from thiamine. 

ZEOLITE: Approximately 50 mesh Decalso (Permutit Company, 
New York City). The synthetic zeolite used for adsorption is prepared 
in bulk by stirring with four 10-volume portions of 3% acetic acid for 
10 min each. Between the second and third acid wash, a 15-min 


1 Zeolite of the proper mesh should be used since adsorption and elution of the thiamine are a 
function of the area of the particles exposed to the solution. 
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treatmcat with 5-volumes of 25% potassium chloride is introduced. 
The zeolite is washed thoroughly with water, alcohol, and ether, dried 
in air, and stored in a sealed bottle. 

SALT SOLUTION: 25% potassium chloride in 0.1 N hydrochloric acid. 

STANDARD THIAMINE SOLUTION: 50 ug of anhydrous, U.S.P. thiamine 
hydrochloride per ml of a 25% alcohol solution at pH 1 to 2. This 
solution is stored in the refrigerator, and is stable. 

P-AMINOACETOPHENONE SOLUTION: 6.35 g p-aminoacetophenone are 
dissolved in 90 ml of concentrated hydrochloric acid and diluted to 
1,000 ml with distilled water. The solution is stored in an amber 
bottle, protected from direct sunlight. 

SODIUM NITRITE SOLUTION: 22.5 g of sodium nitrite are dissolved in 
sufficient distilled water to make 500 ml. This solution is stored in a 
refrigerator and is stable for at least 3 months. 

SODIUM HYDROXIDE-SODIUM BICARBONATE SOLUTION: 40 g of sodium 
hydroxide are dissolved in 1,500 ml of distilled water, 57.6 g of sodium 
bicarbonate added, and sufficient distilled water to bring the volume to 
2,000 ml. 

DIAZOTIZED P-AMINOACETOPHENONE SOLUTION: 5 ml of the p-amino- 
acetophenone solution are pipetted into a 50 ml graduate surrounded 
with chopped ice and provided with a stirrer; 5 ml of the sodium nitrite 
solution are added slowly and the resulting solution stirred for 10 min. 
Then 20 ml of the nitrite solution are again added slowly and the stir- 
ring continued for an additional 30 min. The temperature of diazoti- 
zation should not exceed 5°C. This solution should be used within 
24 hr after preparation; when not in use it should be kept below 5°C. 

THIAMINE REAGENT: 10 ml of the above diazonium salt solution are 
added with stirring to 137 ml of the sodium hydroxide-bicarbonate 
solution. The reagent is ready for use when the initial purple color 
changes to a pale yellow, which usually takes 5 to 20min. This reagent 
is prepared immediately before use. 

ALCOHOL-PHENOL SOLUTION: 15.6 g of phenol are dissolved in suf- 
ficient 95% alcohol to make 2,000 ml. This solution is stored in an 
amber glass bottle. 

SODIUM HYDROXIDE SOLUTION: 1.0 N. 

THYMOL BLUE INDICATOR: 1% solution in alcohol. 

XYLENE. 

Extraction, De-phosphorylation, Adsorption, and Elution Procedures. 
The sample ? is weighed into an Erlenmeyer flask, and 150 ml of 0.05 NV 
sulfuric acid are added. The suspension is refluxed at 100°C for 30 
min. The mixture is allowed to cool and 10 ml of the sodium acetate 


2 In the analysis of white flour, nonenriched breed, or materials of similar | sarge a 20 g sample is 
taken. For whole wheat flour, enriched bread, and like samples, 10 g are su 


. 
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* solution are added to adjust the pH to 4.5. One gram of takadiastase * 
or Mylase-P is added and the suspension incubated, preferably over- 
night, at 38°C, or 3 hr at 45-50°C if speed is essential. The mixture is 
cooled to 20°C and diluted with water to 200 ml. The insoluble mate- 
rial is removed by centrifugation or filtration.‘ 

Special Apparatus. The apparatus for the concentration of the 
extract and removal of interfering substances is shown in Figure 1. 


Steen inflow 


Steen 


Zeolite filter 


Receiving tube 


Fig. 1. Simplified apparatus for adsorption and elution of thiamine. 


“To suction 


A glass funnel is connected to a condenser by means of a short piece of 
rubber tubing. The condenser is similarly joined to a tube having an 
internal diameter of 8 mm for a length of 4.5 inches, followed by a con- 
stricted portion about 4 mm in diameter. A plug of glass wool is 
placed at the top of the constriction, and exactly 3.0 g of the treated 
zeolite added to the tube. The other features of the apparatus are 
clearly indicated in the figure. In the absence of a laboratory steam 
line, a 1-liter flask of boiling water, equipped with a two-way stopcock, 
may be employed. 

3 The thiamine in cereals, other than yeast-leavened products, is present almost entirely in the free, 


or nonphosphorylated, form. The starch is digested by diastase to facilitate extraction of the vitamin 


from the sample. 
4 Reeve Angel Paper No. 202 is used, the first 15 ml of the filtrate being discarded. 
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Adsorption and Elution of Thiamine. The clear extract ® is passed 
through the zeolite column at room temperature. A filtration rate of 
3 or 4 drops per sec is easily maintained by the application of mild 
suction, controlled by means of the two-way stopcock. Steam is then 
passed through the outside jacket, and 30 ml of water are poured on the 
column. This is allowed to heat for 4% min and is then drawn through 
with rapid suction to heat the zeolite adsorbate. The thiamine is 
eluted immediately by passing 10 ml of the potassium chloride solution 
down the wall of the hot condenser. The eluate is collected in the 
receiving tube at the rate of approximately 1 drop per 2 sec, and the 
last few drops are drawn through by suction. The zeolite column is 
washed with 200 ml of distilled water under full suction while steam 
passes through the jacket. The column is finally cooled to room tem- 
perature by running the last 50 ml of wash through with the steam 
turned off. The apparatus is then ready for the next extract. A 
standard solution containing 20 ug of thiamine in 50 ml of acidulated 
water at pH 4.5 is sent through the column in the same manner as the 
test extract. 

Color Development and Readings. The eluate ® is transferred to a 
100-ml centrifuge tube to which 10 ml of the alcohol-phenol reagent 
(previously passed through the receiving tube as a wash) are added, 
and then 2 drops of the thymol-blue indicator.’ The sodium hydroxide 
solution is then added dropwise until the first distinct blue color is 
produced. Immediately 25 ml of the freshly prepared thiamine re- 
agent are added; the solutions are mixed and allowed to stand in the 
dark for 2 hr or more at room temperature. Then 5 to 15 ml of xylene 
are added and the tubes shaken vigorously for 3 min to extract the 
pigment formed by the reaction between the vitamin and the reagent. 
The liquids are separated by centrifugation.* The xylene layer 
is then transferred ® to a Nessler tube, a visual colorimeter cup, or 
the absorption cell of a photoelectric colorimeter (520 my filter) and 
evaluated versus the standard solution. 


Experimental Results 


The thiamine content of a series of cereal products was determined 
by both the thiochrome (Hennessy, 1941) and the simplified colori- 
metric procedures. The results, presented in Table I, show good agree- 


5 In the assay of low-potency materials, approximately 1 ug/g, 150 ml of the extract are passed 
through the column; for enriched products, 4 ug/g, a 100 ml aliquot is taken. 

* In testing crystalline thiamine or pure solutions of the vitamin, the extraction, dephosphorylation, 
adsorption, and elution procedures are omitted. A 10 ml aliquot containing approximately 20 ug of 
thiamine is tested directly as described in this section, the standard being similarly treated. 

7 All samples under test are brought to this stage before proceeding with the color development. 

* If a centrifuge is not available, the liquid phases are allowed to separate under the influence of 
gravity. Any turbidity remaining in the xylene layer is cleared up by gentle warming. 

* The transfer is readily effected by drawing off the xylene layer through a U-tipped pipette at- 
tached to a rubber bulb. 
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TABLE I 


COMPARISON OF RESULTS BY THE SIMPLIFIED COLORIMETRIC AND THIOCHROME 
PROCEDURES FOR THE DETERMINATION OF THIAMINE 


Thiamine values found 
Colorimetric Thiochrome 
Sample method method 
White flour 0.99 1.00 
Enriched flour : 4.82 5.00 
Enriched flour 5.52 4.40 
Enriched flour 5.52 6.04 
Enriched flour 6.88 6.85 
Whole wheat flour 4.88 4.50 
Whole wheat flour 4.93 5.05 
Enriched bread, air-dried 3.92 3.87 
Enriched bread, air-dried 4.38 4.40 
Bun, air-dried ; 0.62 0.73 
Doughnut, air-dried 1.08 1.11 
Enriched doughnut mix 4.69 4.54 
Barley 3.79 3.50 
Malted barley 3.62 3.64 
Malt extract syrup 3.67 3.38 
Dried malt extract 4.31 3.94 
Enriched graham cracker 4.95 3.31 
White rice 1.05 0.99 
Brown rice 5.53 4.69 
Wheat germ 29 26 
Rice bran concentrate 148 144 
Dried yeast powder 711 714 
% % 
Crystalline thiamine ! 95.0 94.0 
Crystalline thiamine ! 101.8 99.6 
Crystalline thiamine ! 90.2 89.2 


1 Dried over phosphorus pentoxide. 


ment between the two methods. For the colorimetric measurements, 
an Evelyn Photoelectric Colorimeter !° with the 520 my filter was used. 
The red color may also be measured visually with little sacrifice of 
precision." The values for three crystalline thiamine preparations are 
included in the table to emphasize the need for careful selection of a 
pure preparation for use as a standard, regardless of which method is 
employed. In the present study, anhydrous, U.S.P. thiamine hydro- 
chloride was used. 

The proportion of the volume of extraction medium to the size of 
sample is of importance in the extraction of thiamine from cereal prod- 
ucts (Oser, 1942). In the present method, difficulties in the extraction 
are eliminated by the use of a large excess of takadiastase (1 g). The 
agreement between the colorimetric values and those obtained by the 
thiochrome procedure, in which small samples are taken, is good evi- 
dence for complete extraction of the vitamin. 


10 Obtained from the Rubicon Co., Philadelphia, Pa. 
7 Pa For many purposes the use of a simple comparator block with an appropriate series of standards 
is adequate. 
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The use of the steam-jacketed column makes possible the elution of 
the adsorbed thiamine in a small volume (10 ml) of acidified potassium 
chloride solution. Complete elution from a cold column may be ob- 
tained only with a larger volume of eluting solution. 

As noted, good agreement is generally obtained in testing the 
various products by both colorimetric and thiochrome procedures. 
However, in the case of one of the enriched flours, a significant dis- 
crepancy is noted. This may be attributed to the difficulty of obtain- 
ing a representative sample when only 2 g are taken for analysis in the 
thiochrome procedure. Enriched flours are sometimes not homo- 
geneous. 

The thiamine values for the malt products by the two procedures 
are in moderately good agreement, the colorimetric values, however, 
being somewhat greater. In testing the graham cracker, incomplete 
recoveries of added thiamine were noted when the thiochrome pro- 
cedure was used, while theoretical recovery values were obtained with 
the colorimetric method. Others have stated that the thiochrome 
method may frequently give underestimates of true thiamine content. 
Thus, Brown, Hartzler, Peacock, and Emmett (1943) report lower 
results by the thiochrome than by the colorimetric method in testing 
some extracts and concentrates, while the latter method correlated well 
with bio-assay data. These authors concluded that the colorimetric 
method is more reproducible and more reliable for the assay of such 
materials than the thiochrome procedure. Studies on the thiamine 
content of pharmaceuticals by Hennessy, Wapner, and Truhlar (1944) 
show lower results by the thiochrome than by the fermentation method 
of Schultz, Atkin, and Frey (1942) and by the rat-curative procedure. 
Low thiochrome values may be due to the method of conducting the 
blank test. Thus, it is assumed that the blank fluorescence is always 
independent of treatment with ferricyanide. That this assumption is 
invalid has been pointed out by Najjar and Ketron (1944). Thus, 
compounds like N!-methylnicotinamide, which become fluorescent on 
alkalization, lose this property to a great extent in the presence of 
ferricyanide, probably by oxidation. This compound, found in bio- 
logical materials, behaves like thiamine in its adsorption on, and elution 
from, zeolite and may be responsible for low thiamine values by the 
thiochrome procedure despite complete extraction and _ theoretical 
recoveries of the added vitamin. 

The present method is not recommended for use in the assay of ma- 
terials rich in protein but low in thiamine. Because of the large 
samples needed for analysis, extraction is incomplete unless proteolysis 
(by papain or pepsin) is included in the preparation of the test extracts. 
Large concentrations of adsorbable amino acids interfere with the re- 
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‘tention of thiamine on the zeolite column. For such preparations a 
benzyl alcohol extraction of the concentrated, salted-out extract 
(Melnick and Field, 1939c) is necessary for quantitative separation of 
the vitamin from the interfering amino acids. This step is somewhat 
complex and involves use of special apparatus, so that the colorimetric 
assay procedure is not as readily applicable as the thiochrome or fer- 
mentation methods to low-potency materials high in protein content, 
such as egg, beef muscle, and blood. 


- Summary 

A simple colorimetric procedure is desc. ibed for the determination 
of thiamine in cereal products. The method involves the preparation 
of a clear extract of the free vitamin, adsorption on and elution from a 
zeolite column, reaction with diazotized p-aminoacetophenone, extrac- 
tion of the insoluble red pigment with xylene, and comparison with a 
standard similarly treated. The method is applicable with precision 
to low-potency materials. Expensive apparatus is unnecessary. 
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THE THIAMINE AND RIBOFLAVIN CONTENT OF THE 
GRAIN AND FLOUR OF CERTAIN VARIETIES OF 
KANSAS-GROWN WHEAT! 


Doris E. WuHITNEY, HELEN HERREN, and BEULAH D. WESTERMAN 


Kansas Agricultural Experiment Station, Manhattan, Kansas 
(Received for publication June 10, 1944) 


Cereals and bread are both high in carbohydrate and provide 25% 
or more of the daily caloric intake of many people. As thiamine and 
riboflavin have a role in the utilization of carbohydrate by the body, 
increasing emphasis is being placed upon the content of these vitamins 
in flour and cereals. 

Booth (1940) concluded that English spring wheat was much higher 
in thiamine than winter-sown varieties and that this was a varietal 
difference rather than one due to time of sowing, the growth period of 
the plant, soil, or climate. Tisdall, Jackson, Drake, Newman, White- 
side, Miller, and Edgar (1941), investigating Canadian wheat, found 
Regent and Renown varieties greater in thiamine content than Mar- 
quis. Nordgren and Andrews (1941), Schultz, Atkin, and Frey (1941), 
Conner and Straub (1941), and Whiteside and Jackson (1943) reported 
varietal differences for winter wheat. 

Flour contains a rather small quantity of thiamine. Thiamine 
values ranging from 0.56 to 2.00 ug/g are reported by Schultz, Atkin, 
and Frey (1939), Sherwood, Nordgren, and Andrews (1941), Jackson 
and Whiteside (1942), and Allen (1943). Some of these variations 
are undoubtedly due to the differences in milling. Ward (1943) found 
that when the scutellum and epithelium remained in the flour the thia- 
mine content was higher. 

Conner and Straub (1941) and Andrews, Boyd, and Terry (1942) 
found no significant varietal difference or any evidence of the effect of 
environment on the riboflavin content of hard and soft wheat. 


1 Contribution No. 118, Department of Home Economics. 
Some of the data in this paper were taken from a dissertation presented by Doris E. Whitney in 
partial fulfillment of the requirements for the degree of Master of Science in Kansas State College. 
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The objects of this investigation were to determine the thiamine and 
riboflavin content of certain varieties of wheat produced in Kansas and 
of flour milled from these same varieties and to study varietal dif- 
ferences. 


Experimental 


Six varieties of wheat from the 1941 crop were analyzed for thiamine 
and riboflavin content. These varieties were Turkey, Chiefkan, Black- 
hull, Pawnee, Comanche, and Tenmarq. The same varieties of the 
1942 crop were analyzed with the addition of Nebred. Riboflavin 
determinations were made on the same samples for the 1943 crop and 
Blackhull X Tenmarq was added. The wheat was grown on experi- 
mental plots at Manhattan, Kansas, under comparable conditions. 

Before analyzing, the wheat was finely ground and stored in tightly 
closed jars in the refrigerator until used. The rat curative procedure 
of Kline, Tolle, and Nelson (1938) was employed in measuring the 
thiamine content. In order to test the reliability of the technique, a 
check sample of bread issued by the American Association of Cereal 
Chemists was assayed. The results checked with the average values 
obtained by other workers using the thiochrome procedure. 

Samples of experimentally milled long patent flour of 70% extrac- 
tion from five varieties of the 1941 crop were analyzed for thiamine and 
riboflavin. Flour from seven varieties of the 1942 crop was assayed 
for both thiamine and riboflavin, while flour from eight varieties of the 
1943 crop was analyzed for riboflavin alone. The flour samples had a 
moisture content of approximately 15% and a uniform ash content of 
about 0.42%. 

Since patent flour is low in thiamine content, the rat curative method 
could not be used, as it involved feeding too large a quantity of flour 
at one time to the animals. The rat-growth method of Kline, Hall, 
and Morgan (1941) was more applicable, as the flour could be incor- 
porated into the diet. The flour was added by replacing an equivalent 
amount of sucrose in the thiamine-free diet. 

The microbiological method of Snell and Strong (1939) as modified 
by Strong and Carpenter (1942) was used for the riboflavin de- 
terminations. 


Results and Discussion 


Tables | and II give the results of the analyses for thiamine and ash 
in the wheat and flour samples from the 1941 and 1942 crops. The 
1941 crop varied from 3.99 ug/g for Chiefkan and Pawnee to 4.98 ug/g 
for Tenmargq. These values are a little lower than the average of 4.3 
ug/g for Chiefkan and 5.6 ug/g for Tenmarg reported by Nordgren and 
Andrews (1941). 
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TABLE I 
THIAMINE AND AsH VALUES FOR WHEAT AND FLouR OF THE 1941 Crop 
Thiamine ! Ash! 
T 
ner weight Amt. 
Wheat Flour retained Wheat Flour 
in flour 
lb/bu usle % % % 
Turkey 54.2 4.62 0.82 12.4 1.69 0.44 
Tenmarq 55.8 4.98 1.35 18.9 1.75 0.43 
Blackhull 58.4 4.29 1.08 17.6 1.65 0.43 
Chiefkan 60.5 3.99 1.26 22.1 1.50 0.41 
Comanche — 4.29 1.50 24.5 1.69 0.42 
Pawnee 3.99 1.45 0.43 
1** As is” moisture basis. 
TABLE II 
THIAMINE AND AsH VALUES FOR WHEAT AND FLouR OF THE 1942 Crop 
Thiamine ! Ash! 
weight Amt. 
Wheat Flour retained Wheat Flour 
in flour 
lb/bu pele % % % 
Turkey 54.3 5.45 1.11 14.3 1.86 0.42 
Tenmarq 54.2 5.45 1.18 15.2 1.75 0.43 
Blackhull 55.2 5.45 1.44 18.5 1.87 0.38 
Chiefkan 57.0 4.61 1.00 15.2 1.93 0.44 
Comanche — 5.00 1.49 20.9 1.76 0.42 
Pawnee — 5.45 0.99 12.7 1.79 0.42 
Nebred 56.3 5.00 1.13 15.8 1.87 0.41 


1**As is” moisture basis. 


The 1942 wheat crop assayed higher in thiamine than the 1941 
and varied from 4.61 ywg/g for Chiefkan to 5.45 ug/g for Turkey, Ten- 
marq, Blackhull, and Pawnee. O’Donnell (1943), using the thio- 
chrome method, analyzed samples of these same varieties grown in 
nine different places in Kansas. He found the average thiamine 
values in the 1941 crop varied from 3.51 ug/g for Chiefkan to 4.43 ug/g 
for Turkey and in the 1942 crop from 4.02 ug/g for Chiefkan to 5.21 for 
Tenmarq. 

The ash contents of the wheat »:d flour samples were determined 
according to the methods of the s\ssociation of Official Agricultural 
Chemists. The 1942 wheat crop was .:igher in ash than the 1941 crop, 
and samples of the 1941 crop that were high in thiamine were also high 
in ash content. In the 1942 crop Chiefkan had the lowest thiamine 
value but the highest ash. The other samples gave high values for 
both ash and thiamine. In most cases the wheat with the higher ash 
content was lower in test weight and therefore may contain less endo- 
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sperm in relation to the nonendosperm portion. This may be a reason 
for the higher ash and thiamine values. 

There is also a difference in the thiamine content of flour milled 
from the different varieties of wheat. The results of the assays on 
flour given in Tables I and II show a range in the 1941 crop of 0.82 
ug/g for Turkey to 1.50 ug/g for Comanche, and the 1942 crop shows a 
variation of 0.99 ug/g for Pawnee to 1.49 ug/g for Comanche. O’Don- 
nell (1943) analyzed some of the same samples by the thiochrome 
method. For the 1941 crop he reported values ranging from 0.53 ug/g 


TABLE III 
RIBOFLAVIN CONTENT OF WHEAT AND FLOUR 


1941 1942 1943 
Variety 
. Amt. Amt. 
Wheat Wheat Flour retained Wheat Flour retained 
in flour in flour 
ug/g ugle ugle % ugle uele % 
Turkey 1.65 1.62 0.76 32.8 1.27 0.73 40.2 
Tenmargq 1.65 1.69 0.72 29.8 1.45 0.69 33.3 
Blackhull 1.39 1.51 0.65 30.1 1.12 0.77 48.1 
Chiefkan 1.25 1.36 0.78 40.1 1.00 0.76 53.2 
Comanche 1.43 1.47 0.86 40.9 1.18 0.76 45.1 
Pawnee 1.49 1.58 0.73 32.3 1.14 0.77 47.3 
Nebred 1.67 0.96 40.2 1.25 0.87 48.7 
Blackhull x 1.16 0.90 54.3 
Tenmargq 
F VALUES FOR DIFFERENCES BETWEEN VARIETIES 
1.70 0.60 4.63* 8.55** 7.48** 
* Significant. 


** Highly significant. 


for Turkey to 1.20 ug/g for Blackhull, and for the 1942 crop the values 
ranged from 0.94 for Chiefkan to 1.55 ywg/g for Nebred. 

The retention of thiamine by the flour made from the different 
varieties appeared in most cases to be high but showed considerable 
variation. The flour retained 12.4 to 24.5% of the original thiamine. 
The fact that the flour was experimentally milled may account for 
some of the vitamin retention. The data presented would seem to 
show that high thiamine content in wheat does not necessarily mean 
that the flour milled from such wheat will have a high thiamine value. 

The riboflavin content of the 1941, 1942, and 1943 samples of 
wheat and flour is shown in Table III. There was slight variation 
in ribofiavin values between the 1941 and 1942 samples of wheat of the 
same variety, while the 1943 crop showed a lower riboflavin content 
for all varieties. The range of values for the three years was from 1.00 


te 
| 
AS 
| 


94 - THIAMINE AND RIBOFLAVIN IN KANSAS FLOUR Vol. 22 


to 1.69 ug/g of wheat. Conner and Straub (1941) reported a range 
from 0.89 to 1.91 ug/g, and Andrews, Boyd, and Terry (1942) give 1.00 
to 1.30 as the range of values for different varieties of hard winter 
wheat. 

The flour milled from the different varieties of 1942 and 1943 wheat 
showed a range in riboflavin content from 0.65 to 0.96 ug/g and 0.69 
to 0.90 ug/g, respectively. The retention of riboflavin in the flour 
varied from 29.8 to 54.3%. Andrews, Boyd, and Terry (1942) re- 
ported that flour of 65% extraction contained 0.34 ug of riboflavin per 
gram. Jackson, Doherty, and Malone (1943) found the riboflavin 
content of first patent flour to be 0.67 ug/g and of first Baker’s flour to 
be 0.54 ug/g. The fact that the values in Table III exceed those 
reported for commercially milled patent flour may be due to the 
type of milling. 

Statistical analysis showed a nonsignificant variation in riboflavin 
between the varieties of the 1941 and 1942 wheat crops and signifi- 
cant variation for the 1942 flour. Both wheat and flour from the 
1943 crop showed highly significant varietal variation. 


Summary 

Data have been presented to show the thiamine and ash content 
of six varieties of the 1941 crop and seven varieties of the 1942 crop of 
Kansas-produced wheat and of the flour experimentally milled from 
these same varieties. Varietal differences in thiamine content are 
shown in the wheat samples. The retention of thiamine in the flour 
varied from 12.4 to 24.5% for the different varieties. 

The riboflavin content of several varieties of the 1941, 1942, and 
1943 crops of Kansas-grown wheat and the flour milled from the 1942 
and 1943 varieties has been determined. The 1941 and 1942 wheat 
crops showed no varietal variation, while the 1943 crop seemed to 
show some varietal variation in riboflavin. Flour milled from the 
1942 and 1943 wheat crops appeared to show some varietal variation. 
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The growing awareness of the nutritive importance of choline and 
its role in intermediary metabolism makes an investigation of the 
content of this dietary factor in foods and feedstuffs particularly im- 
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portant. The data already given in the literature for the plant 
products that have been the object of this study have been extremely 
meager and leave much to be desired. 

Engel (1943) reported an analysis on one sample of wheat, but no 
indication was given as to what kind of wheat it was; and, similarly, 
single analyses were made on other products. Figures were given 
for a ‘white flour”’ without stating its degree of extraction or the kind 
of wheat from which it was derived. A sample of defatted wheat 
germ was reported to have a higher choline concentration than the 
raw germ, a finding that seems incredible, since practically all of the 
choline exists in the form of lecithin. Additional data for two samples 
each of wheat, oats, and wheat bran were included by Rhian, Evans, 
and St. John (1943) in a study of choline in feeds, but here, too, no 
information was given concerning the nature of the samples. An 
attempt by Fletcher, Best, and Solandt (1935) to estimate the choline 
in a ‘‘white flour’’ by bio-assay yielded a value obviously much too 
high. 

In the present report, the choline content of a number of pure 
varieties of wheat, oats, barley, flax, and soybeans from the 1943 crops, 
grown in designated localities, has been determined. In some cases 
data have been obtained on the same variety of a wheat cultivated 
in various regions to demonstrate the influence of local conditions, and, 
more often, it has been possible to obtain samples of different varieties 
of a given product grown in the same locality to elucidate the influence 
of plant variety under fairly constant environmental conditions. In 
addition, data were gathered on the distribution of choline in the milled 
fractions of commercial wheat mixes, and on the effect of commercial 
bleaching on the choline content of the flours. 


Experimental 

Determinations on Wheat, Oats, Barley, Flax, and Soybeans. All 
samples used were cleaned of extraneous matter before they were 
ground. The grinding was performed in a Labconco grinder adjusted 
to the fine setting, and the samples were not ground until time for 
analysis. The reineckate method was employed for the determination 
of choline, and the colorimetric measurement was carried out at 526 
my with a Beckman spectrophotometer. The procedure described 
by Glick (1944) was followed in all details. The quantities of pul- 
verized pumice used to enhance the efficiency of the extraction are 
indicated in the tables. All analyses were carried out in duplicate and 
the averages are recorded in the tables. 

Determinations on Milled Fractions of Wheat. Measurements were 
performed, in the same fashion as above, on commercially milled 


TABLE I 


CHOLINE CONTENT OF PURE VARIETIES OF WHEAT, Oats, BARLEY, 
FLAX, AND SOYBEANS 


Cho- Cho- 
Variety Where grown pd Variety Where grown R.-d 
ride! ride! 
HARD SPRING WHEATS ? HARD WINTER WHEATS 
mele mele 
Thatcher Minot, N. D. 0.85 || Tenmarq Bird City, Kan. | 0.81 
Thatcher Fargo, N. D. 0.99 || Tenmarq Norcatur, Kan. | 0.58 
Thatcher Crookston, Minn.} 0.92 || Tenmarq Denton, Tex. 0.96 
Thatcher Aberdeen, S. D. | 0.82 || Comanche Dodge City, Kan.| 0.64 
Thatcher Reserve, Mont. | 1.03 || Comanche Denton, Tex. 0.76 
Newthatch Morris, Minn. 0.83 || Karmont Havre, Mont. 0.86 
Mida Crookston, Minn.| 0.87 0 Havre, Mont. 0.92 
Mida Reserve, Mont. | 0.98|| Riditx Kanred | Havre, Mont. 0.83 
Mida Minot, N. D. 1.07 || Austin Denton, Tex. 0.80 
Regent Minot, N. D. 0.96 |} Blackhull Denton, Tex. 0.91 
Regent Fargo, N. D. 0.92 || Early Hull Denton, Tex. 0.69 
Regent Reserve, Mont. | 0.92 || Westar Denton, Tex. 0.71 
Rival Fargo, N. D. 0.71 || Wichita Denton, Tex. 0.76 
Rival Aberdeen, S. D. | 0.81 || Red Chief Denton, Tex. 0.78 
Mean 0.91 Chiefkan Denton, Tex. 0.82 
SOFT WINTER WHEATS ? Mean 0.79 
Trumbull Urbana, III. 0.99 oats ° 
Fairfield Urbana, III. 0.95 
Fultz X Minturki| Urbana, III. 0.88 || Vicland Ames, Iowa 1.23 
Wabash Urbana, III. 0.97 || logold Ames, Iowa 1.01 
Prairie Urbana, IIl. 0.79 || Tama Ames, Iowa 1.29 
Fulcaster Urbana, III. 0.79 || Marion Ames, Iowa 1.12 
Clinton Ames, Iowa 1.07 
arkan rbana, III. 
Clarkan Denton, Tex. 0.83 Mean 1.14 
Fulcaster Denton, Tex. 0.74 . 
Mediterranean | Denton, Tex. 0.99 BARLEY 
Red May Denton, Tex. 0.85 
Austin Denton, Tex. 1.01 || Plush Winnipeg, Can. | 0.96 
Denton Denton, Tex. 0.85 || Regal Winnipeg, Can. | 1.10 
Mean 0.88 Velvet Winnipeg, Can. | 1.13 
Rex Winnipeg, Can. | 1.10 
SOYBEANS ° Newal Winnipeg, Can. | 1.08 
O.A.C. 21 Winnipeg, Can. | 1.20 
om Urbana, II. 2.40 || Wisc. No. 38 Winnipeg, Can. | 1.11 
Dunfie Urbana, Ill. 2.36 
Urbana, II. 2.90 Mons 1.58 
oO. 4 
Mandarin Urbana, 2.55 
(Ottawa) 
Richland Urbana, Ill. 2.62 || CI 976 Fargo, N. D. 1.18 
Goldsoy Urbana, III. 2.58 || CI 977 Fargo, N. D. 1.11 
Earlyana Urbana, III. 2.22 || Royal Fargo, N. D. 1.00 
Mukden Urbana, Ill. 2.46 || Buda Fargo, N. D. 1.14 
Illini Urbana, III. 2.07 || B 5585 Fargo, N. D. 0.94 
Scioto Urbana, III. 2.06 || Renew Fargo, N. D. 0.91 
Ogden Urbana, III. 2.29 || Bison Fargo, N. D. 1.15 
Lincoln Urbana, IIl. 2.18 |} Ns 3092 Fargo, N. D. 1.10 
Habaro Urbana, IIl. 2.18 || B Golden Fargo, N. D. 1.09 
Mean 2.37 Mean 1.07 


1 Moisture-free basis. 
2 5-g samples with 7 g pumice were used. 
4 2-g samples with 7 g pumice were used. 


4 3-g samples with 7 g pumice were used. 
* 1-g samples with 8 g pumice were used. 
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products of a mix containing hard spring and hard winter wheats, 
and also on the milled products of a separate hard spring wheat mix. 
Portions of the flours in the former case were subjected to commercial 
Agene bleaching, and, in addition, the patent flour was treated with 
Novadel at the level of 3 Ib/100 bbl. 


Discussion 
From Table | it is apparent that the choline content of pure varie- 
ties of the hard spring wheats tested falls within the extremes, 0.71 to 


1.07 mg/g. One cannot ascribe particular significance to the effect of 
variety, since the same variety, Thatcher, showed the maximum varia- 


TABLE II 


CONCENTRATION OF CHOLINE IN THE MILLED FRACTIONS OF A HARD SPRING AND 
HARD WINTER WHEAT MIx—EFFECT OF BLEACHING ON THE CHOLINE 
CONTENT OF THE FLOURS 


Sample Sample size Pumice used Choline chloride ! 

g 
Patent flour 3 10 0.70 
Bleached patent flour 3 10 0.66 
Clear flour 3 10 0.61 
Bleached clear flour 3 10 0.62 
Low-grade flour 3 10 0.69 
Bleached low-grade flour 3 10 0.69 
Bran 4 0 1.53 
Germ 2 0 3.54 
Whole wheat s 7 1.02 


1 Moisture-free basis. 
TABLE III 


CONCENTRATION OF CHOLINE IN THE MILLED FRACTIONS OF A COMMERCIAL 
HarD SPRING WHEAT MIx 


Sample Sample size Pumice used Choline chloride ! 

mele 
Patent flour 3 10 0.82 
Clear flour 3 10 0.81 
Low-grade flour 3 10 0.89 
Shorts 5 0 1.76 
Bran 5 0 1.34 
Whole wheat 5 7 1.03 


! Moisture-free basis. 


tion when grown in different localities. Whether environmental con- 
ditions are more critical in affecting the choline level cannot be deter- 
mined from the data given, since different strains grown in the same 
locality seem to show relatively large spreads in the values in some 
cases, but not in others. Thus Mida, Regent, and Thatcher wheats, 
all cultivated at Minot, contained 1.07, 0.96, and 0.85 mg/g of dry 
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matter, respectively, and Rival, Regent, and Thatcher grown at 
Fargo, 0.71, 0.92, and 0.99. On the other hand, quite consistent 
results were found for Rival and Thatcher from Aberdeen, and Regent, 
Mida, and Thatcher from Reserve. 

The same conclusions can be applied to the hard winter wheats 
that ranged from 0.58 to 0.96 mg/g, and to the soft winter varieties 
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PERCENT TOTAL EXTRACTION 
Fig. 1. Choline and lipid phosphorus content as functions of the degree of extraction of milled 


wheat products. The data for the lipid phosphorus curve were calculated from values given by Sullivan 
and Near (1928). 


that varied from 0.74 to 1.01 mg/g (Table 1). It may be noted that 
values for the hard winter wheats tended to fall lower in some instances 
than those for either the hard spring or soft winter types. 

Analyses on oats, barley, and flax (Table I) ranged from 1.01 to 
1.29, 0.96 to 1.20, and 0.91 to 1.18 mg/g, respectively. The highest 
values, 2.06 to 2.90 mg/g, were found for soybeans (Table 1). 

The data in Tables II and III, dealing with milled fractions of 
wheat, are self-explanatory. It will be observed that the bleaching 
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had no influence on the choline values. While it is obvious that the 
choline levels in the flours do not follow the well-known pattern of 
total lipids, a close parallelism does exist between the choline content 
and the lipid phosphorus of milled fractions. This is demonstrated 
in the relation between the degree of extraction and the percentage 
of the constituent in the wheat (Figure 1). The data for the lipid 
phosphorus curve were calculated from values given by Sullivan and 
Near (1928), and the choline curves were constructed from the data 
given in Tables II and III in the present paper. These results are in 
accord with the distribution of !<cithin reported by Geoffroy (1934). 
Apparently lipid phosphorus can be used as an index of choline in wheat 
or its products, and since the parallelism would make it appear that 
both lipid phosphorus and choline existed primarily as lecithin, either 
one should serve as an indication of the lecithin content. 

The profile of the curves in Figure 1 is similar to that found for 
thiamine by Sherwood, Nordgren, and Andrews (1941). However, in 
the former, 40 to 50% of the total choline and lipid phosphorus are 
already present at an extraction as low as 60% of the wheat, indicating 
a much higher proportion in the refined flours than is the case for 
thiamine or any other-of the ‘‘B”’ vitamins whose distribution in wheat 
has been investigated. It is rather striking that there is so little dif- 
ference between the choline concentrations of patent, clear, and low- 
grade flours. 

Summary 

The choline content of various pure varieties of hard spring, hard 
winter, and soft winter wheats, oats, barley, flax, and soybeans has 
been determined from the 1943 crops grown in designated localities. 

The distribution of choline in the milled fractions of commercial 
wheat mixes has also been investigated. It was found that com- 
mercial bleaching had no effect on flours of different degrees of ex- 
traction. 

In the relationship between the degree of extraction and the per- 
centage of constituent in wheat, a parallelism was observed for choline, 
as found in the present investigation, and lipid phosphorus, as reported 
by Sullivan and Near (1928). It would appear that all of the choline 
in wheat exists in the form of lecithin. 

It is rather striking that a large percentage of the total choline and 
lipid phosphorus is present in the more refined wheat flours. 
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MULTIPLE BLEACHING OF FLOUR. I. BLEACHING EFFI- 
CIENCY AS INFLUENCED BY FLOUR AGITATION 
AND OPTIMUM UTILIZATION OF THE 
BLEACHING AGENT! 


C. G. W. S. HutTcuHinson, and D. K. MeEcHAm 
General Mills, Inc., Minneapolis, Minn. 
(Presented at the Annual Meeting, May 1944; received for publication July 17, 1944) 


The purpose of this paper is to show that the bleaching efficiency 
of gaseous reagents is influenced by flour agitation and the manner of 
their application. Considerations such as the number of increments 
in which the gas is added and the partial pressure of the reagents in 
the gaseous mixture are involved. 

It does not seem necessary to review here the general history of 
flour bleaching, as good reviews of the subject have already been 
given by Bailey (1925), Kent-Jones (1939), Ferrari and Bailey (1929), 
and others. A few general statements will suffice to lay the ground- 
work for the present study. The bleaching agents used commercially 
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are ordinarily gaseous. The single exception is benzoyl peroxide, 
which is added to flour as a finely divided solid mixed with an inert 
carrier. 

Equipment and Procedure 


In a forthcoming paper the authors plan to describe experimental 
flour bleaching procedures in some detail. It will suffice to state here 
that, in general, flour bleaching was studied in three different bleaching 


systems: 
1. Batch scale. 


2. Pilot scale. 
3. Commercial mill. 


In batch scale bleaching, a weighed quantity of flour is agitated 
slowly in a tumbling mechanism to which the gaseous reagent is applied 
gradually over a long period of time. In this method, the flour 
surface exposed to the gas is changing continually but very much 
more slowly than in commercial practice. From 4 to 8 lb of flour 
were ordinarily used in the experiments. 

In pilot scale bleaching tests, commercial procedure is simulated 
in that flour is conveyed to a small agitator and is treated while flowing 
continually through the equipment at the rate of from 1 to 5 bbl per 
hour. A relatively large proportion of the flour surfaces is exposed 
continuously to the gaseous reagent in the agitating equipment. 

In commercial practice, as is well known, the bleaching agent is 
added usually to a flour agitator and the process is continuous. The 
experimental equipment, both in the pilot and commercial scale tests, 
provided for very close control of the bleaching gas and air input. 
The generating equipment for the nitrogen trichloride, chlorine, and 
nitrogen peroxide was accurately calibrated with special flow meters. 
Commercial equipment provides adequate control for practical opera- 
tions, but in the instance of the experimental work, it was thought 
best to control operating conditions more closely. The horizontal 
agitators used in these experiments are closed at both the inlet and 
outlet ends by a flour seal. 

Flour color is expressed as ‘‘carotene’’ and was measured by the 
procedure described by Binnington, Hutchinson, and Ferrari (1941). 
As indicated in this reference, recent findings have shown that the 
pigments of high-grade flours are a highly complex mixture, chiefly 
carotenoid in nature. When the flour color is expressed as “‘ carotene,” 
the latter word is used in quotation marks, since carotene is probably 
present in only minor percentages in the pigments of patent, straight, 
and first clear grade flours. Briefly stated, flour pigments were 
extracted with water-saturated butyl alcohol and the extract read in 
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an Evelyn photoelectric colorimeter using a 440-my filter. The 
‘“‘carotene’’ results were converted to the more customary naphtha- 
alcohol ‘‘carotene”’ basis by using the following equation established 
by Binnington ef a/ in an unpublished report of the Winnipeg Grain 
Research Laboratory: Naphtha-alcohol “ carotene’? = (Buty! alcohol 
“‘carotene’’ — 0.14) (0.8075). 


Experimental 

Effect of Flour Agitation on Bleaching Efficiency. The color removal 
achieved by batch, pilot, and commercial scale equipment was found 
to be different when the same amount of bleaching agent was added 
to a flour. The batch bleaching process accomplishes the most 
efficient utilization of the bleaching gas; the eommercial process is 
the least efficient. The data in Table I illustrate the type of result 
obtained with nitrogen trichloride on patent and clear flours. 


TABLE I 


NITROGEN TRICHLORIDE BLEACHING OF FLOUR IN BATCH, 
PILoT, AND COMMERCIAL SCALE EQUIPMENT 


Amount NCI; 
Type of flour Bleaching equipment applied to flour “Carotene” ! 
g/bbl ppm 
Patent Unbleached 2.85 
Commercial scale 111 
Pilot scale j 0.94 
Batch scale 0.83 


First clear Unbleached 2.63 
Commercial scale 1.50 
Pilot scale 1.29 
Batch scale 1.03 


1 Flour color expressed as naphtha-alcohol ‘“‘carotene.” 


The 2.85 parts of ‘‘carotene’’ per million of flour originally con- 
tained in a patent flour were reduced to 1.11 by 3 g of nitrogen tri- 
chloride applied in the commercial equipment; 0.94 applied in the 
pilot scale equipment; and 0.83 in the laboratory batch process. 
Similarly, the 2.63 ppm of “carotene” in an unbleached first clear 
flour were reduced in the same bleaching systems to 1.50, 1.29, and 
1.03 ppm, respectively. For the benefit of those unaccustomed to 
interpreting ‘‘carotene’’ values in terms of color removal, it should be 
emphasized that the difference between 0.94 and 0.83 ppm is con- 
siderable and is approximately equivalent to the color removal that 
would be obtained with 0.016 oz benzoyl peroxide at this level of 
“‘carotene”’ in a flour. A similar difference exists between the 
“‘carotene’’ values 1.11 and 0.94 ppm. The difference between 
“carotene” values of 1.11 and 0.83 is very large and probably cor- 
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responds at least to the color removal that would be obtained with 
0.032 oz benzoyl peroxide. Such an increment of benzoyl peroxide 
may represent 50% or more of the total cost of the bleaching treatment 
in many cases. It is, therefore, apparent that poor agitation is 
decidedly costly. 

The same type of result was obtained with nitrogen trichloride in 
combination with benzoyl peroxide. The results of applying 2 g of 
nitrogen trichloride per bbl of flour are shown in Table II for both 


TABLE II 


NITROGEN TRICHLORIDE BLEACHING OF FLOUR IN PILOT AND COMMERCIAL 
ScaLE EQUIPMENT—ALONE AND WITH BENZOYL PEROXIDE 


Bleaching Pekar or 
Bleaching treatment per bb! of flour equipment “Slick” score “Carotene” 
ppm 
Unbleached patent flour 2.37 
ommercial creamy 1.50 
2 g nitrogen trichloride Pilot 8 creamy white 1.37 
3 g nitrogen trichloride plus 0.032 Commercial 10 (standard) 0.81 


oz benzoyl peroxide Pilot 12 white 0.64 


commercial and pilot scale equipment. The ‘‘carotene’’ values ob- 
tained were 1.50 and 1.37 ppm, respectively. The ‘‘slick’’ score was 
designated ‘‘7 creamy”’ in the first instance and ‘8 creamy white”’ 
in the second, which indicates that a decided difference in the visual 
appearance of the “‘slick’’ was noted. 

The same flour treated with 3 g of nitrogen trichloride and 0.032 
oz benzoyl peroxide per bbl resulted, with commercial equipment, in 
a “‘carotene”’ value of 0.81 ppm and a “‘slick”’ score of 10. On the 
other hand, with pilot scale equipment the “‘carotene’’ value obtained 
was 0.64 ppm and the “‘slick’’ score ‘‘12 white.’’ In this instance 
a large difference in the visual appearance of the “‘slick’’ was noted. 
It is thus apparent that superior color removal in pilot scale equipment 
still results when benzoyl peroxide is added along with a gaseous 
reagent. 

After discovering the large difference in efficiency obtained with 
different types of bleaching equipment, an attempt was made to 
improve the commercial procedure. It appeared that the difference 
in effect might be due to differences in the efficiency of agitators and 
hence attempts were made to improve existing mill agitators, some of 
which seemed very poorly constructed. As a matter of fact, the 
results reported in the first two tables were obtained with improved 
commercial equipment in which high-speed agitators of the horizontal 
type were used. Some of the more obsolete agitating equipment still 
in use in some mills would show up to less advantage in comparison 


Mar., 1945 C. G. FERRARI, W. S. HUTCHINSON, D. K. MECHAM 105 


with the batch scale agitating system described above. The results 
with batch scale equipment were, however, still superior to those with 
the improved commercial agitators, but it is, of course, obvious that 
batch scale bleaching cannot be employed commercially. Further 
attempts to improve commercial bleaching efficiency led to the con- 
sideration of other devices. One of these was the use of two horizontal 
agitators in series, with the thought that a longer agitating system 
would provide for a longer contact of the bleaching gas with the flour. 
The horizontal agitators used in these experiments were closed at both 
ends by a flour seal. In addition to time of contact, partial pressures 
were thought to be of possible influence and, hence, variations in the 
partial pressure of the gaseous bleaching agent were studied. The 
results of these attempts to improve commercial bleaching efficiency 
will be described. 

The Effect of Varying Partial Pressures on the Efficiency of Gaseous 
Bleaching Agents. Experiments were conducted to determine what 
effect on bleaching efficiency could be observed when the partial 
pressure of the gaseous reagent was varied over a commercially feasible 
range. Data of this type are shown in Table III. In these experi- 


TABLE Ill 


NITROGEN TRICHLORIDE BLEACHING OF FLOUR IN COMMERCIAL EQUIPMENT 
AT VARYING PARTIAL PRESSURES IN ONE OR Two HORIZONTAL TYPE 
AGITATORS IN SERIES 


% distribution of 2 g nitrogen 
trichloride between 


Partial pressure of nitrogen trichloride 


Agitator 1 Agitator 2 in the bleaching gas “Carotene” 
mm Hg ppm 
100 0 1.15 1.42 
100 0 0.72 1.29 
100 0 0.58 1.29 
75 25 0.58 1.22 
50 50 0.58 1.23 
25 75 0.58 1.23 
0 100 1.15 1.45 
0 100 0.72 1.29 
0 100 0.58 1.30 


Unbleached patent flour 2.43 


ments two agitators were connected in series and the first one through 
which flour flowed was called agitator No. 1. An unbleached flour 
containing ‘‘carotene’’ at the level 2.43 ppm was bleached with 2 g 
nitrogen trichloride in the various manners shown. As the partial 
pressure was reduced from 1.15 to 0.72 mm of mercury, a pronounced 
improvement in efficiency was achieved as was indicated by the cor- 
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responding “‘carotene’’ values of 1.42 and 1.29 ppm in one case and 
1.45 and 1.29 in the other. A further reduction in partial pressure to 
the value of 0.58 mm of mercury did not result in any greater cclor 
removal. The ‘‘carotene’’ values were the same as those obtained 
at the 0.72 mm level. 

The partial pressure of nitrogen peroxide was also varied over the 
range found possible with the ordinary commercial flaming arc equip- 
ment (Alsop). Data of this type are shown in Table VI. In this 
instance, the gas was equally divided between two agitators connected 
in series. The partial pressures used varied from 1.4 to 3.0 mm of 
mercury, the maximum spread that could be achieved easily with 
commercial equipment. All possible combinations were tried, includ- 
ing low partial pressures in both agitators, high partial pressures in 
both agitators, and low and high combinations. Under none of the 
conditions cited did partial pressure make any significant difference 
in color removal. This result differs from the one obtained with 
nitrogen trichloride in that, with the latter, as partial pressure de- 
creased, bleaching efficiency increased. 

Flour Bleaching with a Single Gaseous Reagent Using Two A gitators 
in Series. It was previously shown that the batch scale bleaching 
system gave better color removal than commercial equipment, prob- 
ably owing to the longer time of contact provided in the batch scale 
process between the gaseous reagent and the flour. Accordingly, it 
was thought worth while to provide a longer contact period in com- 
mercial scale operation by bleaching in two agitators connected in 
series. Data of this type are given in Table III above. In this 
series of experiments, nitrogen trichloride at varying partial pressures 
was introduced in three ways. In the first series of experiments, all 
of the gas was added to agitator No. 1 at three different partial 
pressures. In the third series, all of the gas was added to the second 
agitator at the same partial pressures. Corresponding partial pres- 
sures gave the same color removal regardless of the agitator into which 
the gas was introduced. This showed that there was nothing to be 
gained in bleaching efficiency by the addition of a second agitator. 
Apparently the horizontal type agitators used were efficient because 
the prolonged contact provided in the second agitator did not result 
in any better color removal, 7.e., the action of the bleaching agent was 
apparently completed in the first agitator. Actually, the flour seal 
between the two agitators must have been successful in confining prac- 
tically all the active gas to the first agitator into which the bleaching 
gas was introduced. 

When the gas was distributed between the two agitators in dif- 
ferent proportions but at a constant partial pressure, the color removal 
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achieved was improved. Thus, at a partial pressure of 0.58 mm 
mercury, 2 g of nitrogen trichloride added to either agitator No. 1 or 
No. 2 gave a ‘“‘carotene’’ value of about 1.30 ppm. The “carotene”’ 
value when nitrogen trichloride was distributed between the two 
agitators was about 1.23 ppm. 

Similar experiments were made with nitrogen peroxide, typical 
results of which are reported in Table IV. It will be noted in this 


TABLE IV 


NITROGEN PEROXIDE BLEACHING OF FLOUR IN Two HorIzONTAL AGITATORS IN 
SERIES IN A COMMERCIAL MILL 


% nitrogen 
t 
“Carotene” Partial pressure 
Agitator 1 Agitator 2 
ppm mm Hg 
Unbleached patent 

is 100 0 1.62 2.0 
1.9 100 0 1.54 3.0 
2.5 65 35 1.45 2.0 
25 50 50 1.32 2.0 
2.5 35 65 1.37 2.0 
0 100 1.57 2.0 
1.9 0 100 1.54 2.0 

TABLE V 


NITROGEN PEROXIDE BLEACHING OF FLOUR IN A COMMERCIAL MILL IN A SINGLE 
AGITATOR OR PROPORTIONED EQUALLY BETWEEN Two HoRIZONTAL 
AGITATORS IN SERIES 


% distribution of nitrogen peroxide between 


Bleaching treatment g NOs: per bbl Agitator 1 Agitator 2 “Carotene” 
ppm 
Unbleached patent flour A — — 2.43 
1.3 100 0 1.62 
1.9 100 0 1.54 
1.5 50 50 1.46 
2.0 50 50 1.34 
2.5 50 50 1.32 
3.0 50 50 1.30 
3.5 50 50 1.25 
Unbleached patent flour B a — 2.25 
0.8 : 100 0 1.60 
1.5 100 0 1.46 
1.9 100 0 1.46 
2.0 50 50 1.37 
y BS 50 50 1.35 
3.0 50 50 1.31 
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case that the partial pressure was the same except in one instance. 
Here again, there was no advantage in the use of an additional agitator 
in series when all of the gas was applied to the first agitator. However, 
when the gas was proportioned between the two agitators, a better 
color removal was achieved in all of the three proportions tried. 
There appeared to be little, if any, difference in the advantage 
gained from the application of various proportions of nitrogen tri- 
chloride or nitrogen peroxide to the two agitators over the range 


PARTS PER MILLION 
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Fig. 1. ‘Carotene’ values of a patent flour treated with varying amounts of nitrogen peroxide. 


studied. Accordingly, in subsequent experiments, whenever the same 
gaseous bleaching agent was applied to two agitators in series, it was 
distributed equally between them. 

Table V gives additional data showing the effects of larger quan- 
tities of nitrogen peroxide. When the quantity of reagent was in- 
creased by 0.5 g increments from 1.5 to 3.5 g nitrogen peroxide per bbl 
of flour and in every case equally divided between two agitators, the 
“carotene” value dropped from 1.46 to 1.25 ppm. This is shown 
graphically in Figure 1. It is interesting to note that 1.5 g of nitrogen 
peroxide per bbl of flour gave a ‘‘carotene’’ value of 1.46, 2 g gave 1.34, 
and increments beyond 2 g up to 3.5 g removed very much smaller 
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increments of ‘‘carotene.’’ This is a characteristic result with this 
reagent, namely, that after a certain color removal has been achieved, 
successive increments are not very effective; or, expressed differently, 
a diminishing return for increased quantities of reagent is encountered 
long before adequate color removal based on present commercial 
standards is obtained. As previously indicated, the data in Table V1 
show that partial pressures of Alsop gases over the range studied have 
no significant effect on the color removal achieved. 

The second flour shown in Table V gave similar results. The use 
of two agitators in series was shown to be of value in that it was pos- 
sible to reach a lower color value in this way than could be reached by 


TABLE VI 


NITROGEN PEROXIDE BLEACHING OF PATENT FLOUR AT VARIOUS PARTIAL PRESSURES 
—2.5 G OF REAGENT DISTRIBUTED EQUALLY TO EACH oF Two 
AGITATORS IN SERIES 


Partial pressure of NOz: in mm Hg 


Agitator No. 
1 2 “Carotene” Color removal 

ppm % 

3.0 2.0 1.36 44 
3.0 1.4 1.36 44 
2.0 3.0 1.35 44 
1.4 3.0 1.36 44 
1.4 1.4 1.33 45 
3.0 3.0 1.31 46 
Unbleached patent flour 2.43 0 


TABLE VII 


NITROGEN PEROXIDE OR NITROGEN TRICHLORIDE BLEACHING OF FLOUR IN THE 
First oF Two HorizonTAL-TYPE AGITATORS IN SERIES IN A 
COMMERCIAL MILL 


“Carotene” of flour sampled 


Bleaching treatment 


per bbl of flour Between agitators After second agitator 
ppm ppm 
1.3 g NO» 1.58 1.62 
2g NCI; 1.30 1.29 
2g NCI; 1.28 1.29 


adding practical quantities to one agitator only. The unbleached 
flours used in the experiments cited in Table V had ‘“‘carotene’’ values 
of 2.43 and 2.25 ppm. The best color value obtained by equal dis- 
tribution of the bleaching agent in both cases was substantially the 
same, namely about 1.30 ppm. 

The data in Table VII are added to confirm an earlier statement 
that two agitators in series are not necessary for maximum bleaching 
efficiency when all of the gas is added to the first agitator and that all 
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of the bleaching takes place in one agitator. Three series of treat- 
ments are shown in which the gaseous reagent was introduced into 
the first flour agitator and samples for ‘‘carotene’’ estimation were 
taken between the first and the second agitator and, again, after pas- 
sage through the second. One treatment with nitrogen peroxide and 
two with nitrogen trichloride are shown. In all cases, ‘‘carotene”’ 
values were not reduced after passage through the second agitator. 
Effect of Multiple Increments of a Bleaching Gas on Bleaching Ef- 
ficiency. Another variation in bleaching treatment has been studied, 
namely, the effect of repeated small quantities of a gaseous reagent 
compared with a single treatment. This type of flour bleaching has 
been called by the present authors ‘“‘multiple bleaching.’”’ Certain 
aspects of this subject have been covered by U. S. Patent 2,324,203 
granted to Ferrari and Hutchinson (1943). The data for a typical 
experiment with nitrogen trichloride are recorded in Table VIII. 


TABLE VIII 
MULTIPLE BLEACHING OF First CLEAR FLOUR WITH NITROGEN TRICHLORIDE 
__ Grams NCls per bbl flour Bleaching equipment “Carotene” 

ppm 

5 Commercial 1.35 

3 Pilot scale 1.49 

4 Pilot scale 1.26 

5 Pilot scale 1.08 

1 g—applied once Pilot scale pI 

1 g—applied twice Pilot scale 1.68 

1 g—applied 3 times Pilot scale 1.28 

1 g—applied 4 times Pilot scale 1.05 

1 g—applied 5 times Pilot scale 0.89 

1 g—applied 6 times Pilot scale 0.78 
Unbleached flour 2.93 


The unbleached first clear flour had a ‘“‘carotene”’ value of 2.93 ppm. 
A single treatment with 5 g nitrogen trichloride resulted in a “ caro- 
tene”’ value of 1.35 ppm with commercial equipment and 1.08 ppm 
with pilot scale equipment. The single treatments at the rate of 3 
and 4 g per bbl of flour gave ‘‘carotene’’ values of 1.49 and 1.26, re- 
spectively. When the reagent was applied in increments of 1 g per 
treatment, much better color removal was achieved compared with 
the same total treatment given as one dose. Thus, 1 g of nitrogen 
trichloride applied three times gave a ‘‘carotene”’ value of 1.28 ppm 
as compared with 1.49 for a single treatment of 3 g. Similarly, a 
single treatment with 4 g gave a “‘carotene”’ value of 1.26 compared 
with a value of 1.05 when the reagent was added in 1-g increments 
four times. Six individual 1-g treatments lowered the ‘‘carotene”’ 
value to 0.78 ppm, a very low value for clear flour. It is at once 
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apparent that multiple bleaching treatments will permit more color 
removal with less reagent. Thus four individual 1-g treatments will 
remove at least as much color as a single 5-g treatment; or three 1-g 
treatments will give as much color removal as a single 4-g treatment 
in the instance of the flour cited. Another point of interest from the 
data in Table VIII is given by a comparison of the 5-g commercial 
treatment with the single and multiple bleaching treatments made on 
a pilot scale. A single 5-g commercial treatment gave a ‘‘carotene”’ 
value of 1.35 ppm. This was at least equalled by a single 4-g treat- 
ment in the pilot scale system which in turn was equalled by three 
individual 1-g treatments in the latter equipment. 
Summary 

The color removal achieved by the treatment of flour with a given 
amount of one of the gaseous commercial flour bleaching agents was 
found to be substantially different in commercial, pilot, and laboratory 
batch scale equipment. Bleaching efficiency was found to be lowest 
in commercial systems and highest in batch scale equipment. Similar 
results were obtained when treatment with a gaseous reagent was 
carried out with benzoyl peroxide superimposed on the gaseous 
reagent. 

The partial pressure of the gaseous reagent was found to be a factor 
influencing the bleaching efficiency of nitrogen trichloride. Lower 
partial pressures gave better color removal up to a certain point beyond 
which no further improvement was noted. With nitrogen peroxide, 
the range of partial pressures used was limited by the equipment, and 
over the range covered no better bleaching at reduced partial pressures 
was obtained. 

The efficiency of a horizontal type commercial flour agitator 
equipped with a flour seal at both the inlet and outlet ends was studied 
by using two connected in series. No measurable difference in results 
could be observed when the gaseous reagent was added to the first 
agitator, indicating that complete bleaching was accomplished in one 
agitator alone. 

When the gaseous reagent was distributed between the two agitators 
in different proportions, benefit in added color removal was noted both 
with nitrogen trichloride and nitrogen peroxide. While various pro- 
portionings of the gas gave effective results, none appeared to be better 
than an equal distribution of the gas between the two agitators. 
Hence, this proportioning ratio was adopted as the most practical. 

Multiple bleaching, namely, repeated small dosages of a gaseous 
agent, was shown to be much more effective in removing color than an 
equivalent amount of reagent added to flour at one time. 


4 
a 
4 > 
q 
er 
> 


112 MULTIPLE BLEACHING OF FLOUR. I Vol. 22 


Literature Cited 
Bailey, C. H. 
1925 The chemistry of wheat flour. Chemical Catalog Company, N. Y. 
Binnington, D. S., Hutchinson, W. S., and Ferrari, C. G. 
1941 Standardization of the Evelyn photoelectric colorimeter for flour pigment 
determinations. Cereal Chem. 18: 10-19. 
Ferrari, C. G., and Bailey, C. H. 
1929 Effect of storage and of various bleachin advantages on the carotin con- 
centration of flour. Cereal Chem. 6: 457-482. 
—— and Hutchinson, W. S. 
1943 .x 2% flour bleaching process. U.S. Patent 2,324,203, July 13, 1943. 
Kent-Jones, D 
1939 Modern cereal chemistry (3rd ed.). The Northern Publishing Co., Ltd., 
Liverpool, England. 


SORGHUM AMYLASE! 


ERIC KNEEN 


Department of Agricultural Chemistry, Nebraska Agricultural Experiment Station, 
Lincoln, Nebraska 


(Presented at the Annual Meeting, May 1944; received for publication May 22, 1944) 


Industrial utilization of the enzymes of sorghum malt has attained 
significance principally in those regions not well adapted to the produc- 
tion of barley. Accordingly, reported investigations of the nature of 
sorghum amylase are not numerous. Norris and Viswanath (1923) 
found that sorghum malt had low starch saccharifying power when 
evaluated by methods involving short periods of starch digestion, but 
that the extent of conversion was closely comparable to that of barley 
malt when longer periods were used. They described the starch- 
hydrolyzing properties of sorghum malt, at either high or low tempera- 
tures, as being similar to those of barley malt at high temperatures. 
In a further investigation Patwardhan and Norris (1928) found that 
sorghum malt had a high starch liquefying power relative to saccharifi- 
cation and that both these starch degrading properties were influenced 
alike by temperature. The optimum hydrogen-ion concentration for 
activity was found to be between pH 4.6 and 4.86 and the temperature 
optimum about 55°C. Acharya (1934) too showed that the mild heat- 
ing of sorghum malt extracts had little influence on the nature of starch 
degradation achieved and that sorghum malt, either heated or un- 
heated, had similar properties to heated extracts of barley malt. Like- 
wise, he found that an acid treatment (pH 3.2) caused extensive loss of 
the saccharifying activity of sorghum malt. The optimum hydrogen- 
ion concentration for activity was shown to be between 4.2 and 5.0 
and the optimum temperature for activity about 45° to 50°C. Con- 


! Published with the aepeone of the Director as paper No. 355, Journal Series, Nebraska Agri- 
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firming the data of Patwardhan and Norris (1928), a lack of linear 
relationship between starch saccharification and enzyme concentration 
was demonstrated. 

The workers cited concluded that sorghum malt has an amylase 
system similar to that of barley malt as regards the nature and number 
of components present but that it varies widely from barley malt in 
the ratio of these components, one to the other; #.e., sorghum malt was 
postulated as having a high content of a-amylase relative to 8-amylase, 
the reverse being true for barley malt. It will be obvious from this 
discussion that the properties described as typical of the amylolytic 
agent, or agents, in sorghum malt are very similar to those recognized 
as characteristic of barley malt a-amylase. With the possible excep- 
tion of the electrodialysis experiments of Narayanamurti and Norris 
(1928), evidence of the existence of two amylase components in sor- 
ghum malt is not conclusive. Recent data (Kneen, 1944) obtained in 
a comparison of the starch saccharifying and dextrinizing activities of 
a number of cereal malts indicated that the presence of 8-amylase in 
sorghum malt could not be detected by methods designed for the 
quantitative evaluation of the a- and 8-amylase activities of wheat 
and barley malts. The present investigation was undertaken in order 
to obtain additional information regarding the nature and properties 
of the starch-degrading enzyme system of sorghum malt. 


Materials 


The sorghum ‘‘malts’’ used were prepared by two techniques. 
One of these was the ‘‘rag-doll’’ procedure discussed previously 
(Kneen, 1944; Kneen, Miller, and Sandstedt, 1942). The other was a 
drum malting procedure in which the samples were steeped to high 
moisture content, germinated in a revolving, perforated container, 
with a saturated atmosphere. Additional water was added to the 
samples as required. In both cases the malts were dried at room 
temperature under fans for 48 hr. Either technique resulted in a 
sample of good amylase activity after 48-hr germination at 30°C. 
Malts produced by the “‘rag-doll’’ procedure had much longer roots 
and sprouts than those germinated in the drums: sprout length of 
malts from the drums varied from 10 to 15 mm as contrasted to 25 to 
35 mm for those from the dolls. 

For comparison with the sorghums a commercial sample of brewers’ 
barley malt ? was used. On occasion a sample of ‘‘mold bran”’ ? pro- 
duced by growing a strain of Aspergillus oryzae on cooked bran likewise 
was used for comparison. 


2? The barley malt was available through the courtesy of Dr. E. B. Brown of Anheuser-Busch, Inc., 
St. Louis, and the mold bran through Dr. L. M. Christensen of the University of Nebraska. 
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Starch Degrading Properties of Germinated Sorghum 


That starch degradation by extracts of such malts as those of barley 
and wheat follows a definite pattern depending on the ratio of a-amylase 
to B-amylase has been shown by Kneen, Beckord, and Sandstedt (1941). 
Their results indicate that the liquefaction of gelatinized starch, under 
the conditions customarily used, may be attributed entirely to the 
alpha component. On the other hand, both the dextrinization and 
saccharification of gelatinized starch are dependent on the activities 
of both components, the actions of the two amylases being essentially 
additive in the early stages of conversion. Considering the individual 
components it is recognized that 8-amylase rapidly saccharifies gela- 
tinized starch to the extent of some 60% conversion to maltose, at the 
same time leaving a limit dextrin which gives, a purple color with 
iodine. In contrast, a-amylase rapidly dextrinizes starch to a point 
at which no color is given with iodine, but has a low capacity for the 
production of reducing groups, especially in the initial stages of starch 
conversion. Kneen and Sandstedt (1941) found that the amount of 
such reducing groups, calculated as maltose, was related to the dex- 
trinizing activity of a-amylase and could be estimated from an evalua- 
tion of this latter activity. From an evaluation of the actions of 
sorghum extracts on gelatinized starch, it should therefore be possible 
to draw conclusions as to the nature of the amylase system. 

Relationship of a-Dextrinizing Activity to Saccharification. Numer- 
ous samples of several types of sorghum, Pink kafir, Western Black- 
hull, Kalo, Milo, Coes, and Club, were germinated in “rag dolls”’ 
and the a-amylase activities of their extracts determined by the method 
of Sandstedt, Kneen, and Blish (1939). The same extracts were used 
for saccharification (method of Kneen and Sandstedt, 1941). When 
the reciprocals of the a-dextrinization times were plotted against 
apparent maltose production, a curve was obtained which is repre- 
sented by the data in Table I. Also in Table I are recorded the mg 
of maltose characteristic of these same reciprocal a-dextrinization times 
only for the a-amylase of barley malt (Kneen and Sandstedt, 1941), 
and the ratios of sorghum to barley. 

It is apparent from the data of Table | that the production of 
reducing groups brought about by germinated sorghum extracts is less 
than that found for the a-amylase of barley malt when both are com- 
pared at equal levels of a-dextrinizing activity. Over the range re- 
corded, the mean ratio of sorghum saccharification to barley malt 
a-amylase saccharification was found to be 0.826. In the early stages 
of starch conversion (conforming to the Lintner type of measurement) 
all the sugar produced by germinated sorghum extracts may be at- 


i 


Mar., 1945 ERIC KNEEN 115 


TABLE I 


THE RELATIONSHIP OF DEXTRINIZING ACTIVITY TO SACCHARIFYING 
ACTIVITY FOR SORGHUM a-AMYLASE 


a-saccharifying activity 


a-dextrinizing A B 
activity sorghum barley A/B 

1/min mg maltose mg maltose 
0.02 53 6.34 0.836 
0.03 7.9 9.49 0.833 
0.05 13.0 15.83 0.821 
0.07 18.5 22.01 0.841 
0.08 20.7 25.02 0.827 
0.10 25.7 30.74 0.836 
0.12 30.0 36.31 0.826 
0.13 32.5 39.05 0.832 
0.15 36.7 44.38 0.827 
0.17 40.7 49.39 0.824 
0.18 42.5 51.80 0.820 
0.20 46.4 56.58 0.820 
0.22 49.8 61.17 0.814 
0.23 51.5 63.37 0.813 
0.25 55.2 67.50 0.818 

Average 0.826 


tributed to the action of a-amylase. There is no evidence for the 
presence of 8-amylase; in fact, if the barley conversion factor were 
used for calculation of 8-amylase activity by the technique of Kneen 
and Sandstedt (1941), negative values for this enzyme would result. 

Influence of Supplemental B-Amylase on Dextrinization Rate. An- 
other characteristic of barley malt extracts is the manner in which the 
rate of dextrinization * of gelatinized starch is increased by the supple- 
mental addition of an excess of B-amylase. It was reported by Kneen, 
Beckord, and Sandstedt (1941) that dextrinization was 5.4 times more 
rapid when brought about by malt a-amylase plus an excess of B-amyl- 
ase than when the same amount of a-amylase converted starch in the 
absence of any B-amylase. Likewise, their data show that the presence 
of B-amylase in a malt extract narrows this ratio, approximately in 
proportion to the activity of the 8-amylase. Table II shows a com- 
parison of the actions of heated and unheated extracts of a barley malt 
and of a malt prepared from Pink kafir sorghum on two substrates— 
one a 2% soluble starch, the other a substrate resulting from digestion 
of this starch by an excess of B-amylase. 

The data of Table II illustrate the difference in dextrinization 
response to 8-amylase supplementation between a mixture of a- and 
8-amylase (barley malt) and a preparation that has been freed from 
8-amylase (heated barley malt). Dextrinization was about six times 


_ *A clear distinction between “‘dextrinization” rate and ‘‘a-dextrinization"’ rate must be kept in 
mind. The former is the conversion of starch to dextrins; the latter is the further conversion, in the 
presence of an excess of 8-amylase, of 8-amylase limit dextrin (a-amylodextrin). 


= 
4 
4 
By 
on 


116 SORGHUM AMYLASE Vol. 22 


faster for a combination of a-amylase and an excess of B-amylase than 
for the a-amylase alone; in contrast, dextrinization by the barley malt 
was speeded up less than half this much. Both the heated and the 
unheated sorghum malt extracts showed the same response to the 
addition of an excess of B-amylase and the responses of both were 
essentially identical with that of barley malt a-amylase. Again, then, 
no evidence for the presence of 8-amylase in sorghum malt extracts was 
provided. It will be noted that the ratios of dextrinization by 
a-amylase plus an excess of B-amylase to dextrinization by a-amylase 


TABLE II 


THE INFLUENCE OF DIFFERENTIAL HEAT INACTIVATION ON THE RATIO 
OF MALT a-AMYLASE ACTIVITY TO DEXTRINIZING ACTIVITY 


1 
Dextrinising 
Extract activity - activity A/B 
units units 
Barley malt 67.4 25.6 2.63 
Heated barley malt * 48.3 8.0 6.04 
Sorghum malt 148 24.9 5.94 
Heated sorghum malt * 109 18.0 6.06 


! Action on B-amylase limit dextrin with excess of 8-amylase. 

2 Action on 2% starch. A 

370°C for 15 min in the presence of calcium ions. 
alone are somewhat higher than the mean value of 5.4 reported by 
Kneen, Beckord, and Sandstedt (1941) and correspond more closely to 
the value of ‘‘nearly six’’ reported earlier by Sandstedt, Kneen, and 
Blish (1939). 

Liquefaction of Starch Paste. The capacity of barley malt (Kneen, 
Beckord, and Sandstedt, 1941; Olson, Burkhart, and Dickson, 1943) 
and of wheat malt (Hollenbeck and Blish, 1941) for liquefying starch 
paste appears to be a function of a-amylase. In the present study with 
sorghums two germinated samples (Day milo and Early Kalo) were 
compared with a wheat maft. All three extracts were adjusted to 
equal a-amylase values as measured by the specific a-dextrinization 
procedure. The relative rates of starch liquefaction were determined 
by the technique of J6zsa and Gore (1930) modified for a 30°C reaction 
temperature. During 60-min action at 30° the percentage reductions 
in outflow times were 84.6% for the Early Kalo sample, 84.0% for the 
Day milo, and 85.4% for the wheat malt. These data indicate that, 
as with the other amylases investigated, the starch liquefying and the 
a-dextrinizing powers of sorghum a-amylases are closely related. 


Thermal Inactivation 


The heating of a barley malt extract at a temperature in the neigh- 
borhood of 70°C results in a much greater loss of starch saccharifying 
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activity than of dextrinizing activity. This has been interpreted as 
due to inactivation of B-amylase with simultaneous retention of much 
of the a-amylase activity (Ohlsson, 1930; Olson, Burkhart, and Dick- 
son, 1943; Kneen, Sandstedt, and Hollenbeck, 1943). To compare 
responses of barley malt and germinated sorghum (from Early Kalo 
variety), extracts in the proportion of 1 part to 5 parts of water were 
made and dialyzed for 18 hr against running tap water. Following 
this treatment the hydrogen-ion concentrations were equal (pH 6.75). 
The extracts were then heated comparably for 1 hr at 70°C. As an- 
ticipated, the extract of barley malt retained much of its a-amylase 
activity (89.1%) but only 5.7% of its original starch saccharifying 
activity. In contrast, the sorghum extract retained 63.4% of its 
a-amylase activity and 70.8% of its original starch saccharifying 
activity. Instead, therefore, of the heat treatment causing a loss of 
saccharifying activity disproportionate to the loss of a-amylase, as with 
barley malt, the germinated scrghum extract actually had a slightly 
higher saccharifying capacity per unit of a-amylase after heating than 
before.‘ 

It appears from the above that with the samples used the germ- 
inated sorghum a-amylase had less thermostability than barley malt 
a-amylase. In a further comparison 1 to 10 (aqueous) extracts of 
barley malt and germinated sorghum (Early Kalo) were adjusted 
to equal hydrogen-ion concentrations (pH 5.3), calcium acetate was 
added in the amount of 2 mg per ml of extract, and the extracts 
were heated in a comparable manner for 1 hr at 70°C. When the 
a-amylase activities of the heated extracts were determined, it was 
found that 71.7% of the barley a-amylase activity was retained and 
59.5% of the sorghum a-amylase. 

More adequate data on the thermostability of the amylases of two 
germinated sorghums were obtained; the influence of heating at 70°C 
is shown by the data of Table III. The two sorghums, Day milo and 
Early Kalo, were extracted in the proportion of 1 part of meal to 100 
parts of dilute (0.2%) calcium acetate solution. The hydrogen-ion 
concentration of each extract was adjusted to pH 5.9, the temperature 
was brought to 70°C, and aliquots removed and rapidly cooled when 
the extracts reached 70° and after 10, 20, 30, and 60 min duration at 
this temperature. 

The data of Table III show that the two extracts responded in a 
comparable manner to the heat treatment. The amylase activity of 
the Early Kalo extract was retained to a somewhat greater degree than 
that of the Day milo. Likewise, it is apparent that both the a-amylase 


‘The slightly greater retention of saccharifying activity than of a-dextrinizing activity, though 
consistent, possibly may be attributed to an inherent experimental error in the methods used. 
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TABLE III 

Tue RELATIVE RESPONSE OF Two SoRGHUM MALTS TO THERMAL INACTIVATION 
(1 to 100 extracts with calcium ions) 

(Fractions of original activity remaining) 


Early Kalo Day milo 
Treatment 
a-amylase Saccharifying a-amylase Saccharifying 
activity activity activity activity 
% % % % 
No heat 100 100 100 100 
Ai 70°C: 
0 min 100 100 97.5 92.8 
10 min 95.6 96.3 90.7 86.9 
20 min 88.0 89.0 88.6 82.9 
30 min 83.0 85.4 79.6 77.6 
60 min 57.1 63.4 47.6 52.0 


activity and the saccharifying activity of sorghum extracts responded 
similarly to heat. As noted previously, the loss in a-amylase activity 
was even slightly greater than the loss in saccharifying activity. 
When the data of Table III are compared with those recorded for 
barley or wheat malts by Kneen, Sandstedt, and Hollenbeck (1943), 
it is obvious that germinated sorghum must be very deficient in any 
amylase comparable in sensitivity to heat with barley or wheat 
B-amylase. 

The difference in thermostability between two sorghum extracts 
was about the same as the difference found when one of them was com- 
pared with a barley malt; the data are not sufficient to establish any 
general difference in thermostability between sorghum and barley malt 
extracts. That sorghum a-amylase is much more stable than fungal 
amylase was demonstrated by heating an extract of ‘‘mold bran”’ 
(Aspergillus oryzae grown on wheat bran) under the same conditions 
as used to obtain the data in Table III. Extract concentration was 
comparable with that used for sorghum, the hydrogen-ion concentra- 
tion was the same, and 0.2% calcium acetate solution was used for 
extraction and dilution. Only 61% of the a-amylase activity of the 
mold bran extract remained by the time the temperature reached 
70°C as compared to 100% and 97.5% retention for the Early Kalo and 
Day milo extracts respectively. Further, after 30 min treatment at 
70°C the a-amylase activity of the mold bran extract was reduced to 
less than 5% of the original as compared to about 80% retention of 
sorghum a-amylase. 

The a-amylases of both barley and wheat malts are stabilized 
against high temperature inactivation by the addition of calcium ions 
to the extracts (Kneen, Sandstedt, and Hollenbeck, 1943). Com- 
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parable extracts of germinated Day milo sorghum were heated with 
and without added calcium ions. The extract that had received no 
calcium supplementation lost 64.5% of its a-amylase activity by the 
time the temperature reached 70°C, whereas the one containing cal- 
cium lost only 10.5% of the original a-amylase activity. Like other 
a-amylases, then, that of sorghum is enhanced in thermostability by 
the presence of calcium ions. 


Optimum Hydrogen-ion Concentration for Activity 


The apparent optimum hydrogen-ion concentration for maximum 
activity of an amylase depends on numerous factors other than the 
inherent characteristics of the enzyme, the most important of which are 
the temperature used and the time interval involved. The rate of 
starch conversion is the result of a balance between factors contributing 
to an increase in amylase activity and those causing inactivation of the 
enzyme itself; as the temperature is raised or the conversion time ex- 
tended more and more amylase is rendered ineffective but the remainder 
shows a stimulated activity. It has been shown by Kneen, Sandstedt, 
and Hollenbeck (1943) that the optimum hydrogen-ion concentration 
for the thermostability of barley malt a-amylase is at a pH value above 
that recognized as optimum for activity at 30°C. To this difference 
between ‘‘activity optimum”’ and ‘“‘stability optimum” is commonly 
attributed the change in optimal hydrogen-ion concentration for 
starch conversion as the temperature of conversion is raised. 

Temperature-Hydrogen-Ion Relationships. The rate of starch dex- 
trinization by an aqueous extract of germinated sorghum (Early Kalo) 
was investigated at five different temperatures, from 19.5°C to 60°C, 
and at hydrogen-ion concentrations from about pH 4.0 to about pH 
6.5. Boiled soluble starch (2% with no B-amylase added) was used as 
a substrate and appropriate acetate buffers. The pH values were 
determined in the digests at the end of the conversions. It was im- 
practical to adjust extract aliquots so that the time factor was com- 
pletely eliminated; with the aliquots used the dextrinization times at 
optimal hydrogen-ion concentrations varied between about 6 and 13 
min. The actual times were 12.8 min at 19.5°, 6.0 min at 30°, 7.8 min 
at 40°, 10.3 min at 50°, and 9.8 min at 60°C. Thus, at the tempera- 
tures above 40°C where thermal inactivation of the enzyme would be 
pronounced, the influence of the time factor was reduced in signifi- 
cance. The data for sorghum amylase are given in Figure 1. They 
show a similar trend to those reported for barley malt amylase by 
Sherman, Caldwell, and Adams (1927). 

It may be concluded from Figure 1 that the optimum hydrogen-ion 
concentration for the dextrinization of starch by sorghum amylase is in 
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the neighborhood of pH 4.5, if the reaction temperature is no higher 
than 30°C. At 40°C the optimum changed to a value between pH 4.5 
and pH 5.0, at 50°C it was close to pH 5.0, and at 60°C the optimum 
appeared to be just below pH 5.5. This progressive shift towards 
higher optimum pH values with increase in reaction temperature indi- 
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Fig. 1. The influence of hydrogen-ion concentration and temperature on the dextrinizing activity 


of sorghum amylase. 


cates that the amylase is most stable to heat at a pH value considerably 
above the activity optimum of approximately pH 4.5. In actual prac- 
tice, then, depending on the temperature used for starch dextrinization, 
the hydrogen-ion concentration selected for maximum rate of conver- 
sion might vary from pH 4.6 to pH 5.5 or higher. 

The progressive change in the nature of the curves shown in Figure 
1 also is characteristic of the dependence of reaction rate on tempera- 
ture, time, and hydrogen-ion concentration. At the lower tempera- 
tures the amylase was stable over a wide range of pH values and a 
broad plateau is evident. As the temperature was raised the inactivat- 
ing influence of unfavorable hydrogen-ion concentrations, either above 
or below the stability optimum, was emphasized; at 60°C the curve 
breaks sharply on either side of the apparent optimum. Since the 
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same size of extract aliquot was used for any one temperature, the 
dextrinization time at 60°C and pH 6.0 was twice as long as at 60°C 
and pH 5.6. Thus, more time was available for enzyme inactivation 
and the over-all decrease in activity was further emphasized. 

Comparison of a-Amylases from Sorghum, Barley, and Wheat. Us- 
ing the same conditions for measurement (time, temperature, kind, and 
concentration of buffer) the optimum hydrogen-ion concentrations for 
the activities of sorghum, barley, and wheat a-amylases were deter- 
mined. The data are compared in Table IV. 


TABLE IV 


THE INFLUENCE OF HYDROGEN-ION CONCENTRATION ON THE DEXTRINIZING 
ACTIVITIES OF CEREAL a-AMYLASES AT 30°C 


Source of «-amylase 


Barley malt Wheat malt Sorghum malt 
Hydrogen-ion Dextrinizing | Hydrogen-ion Dextrinizing | Hydrogen-ion Dextrinizing 
concentration activity concentration activity concentration activity 

pH units pH units pH units 
4.20 7.8 4.20 9.8 4.10 4.2 
4.42 8.0 4.43 10.0 4.36 4.3 
4.60 7.8 4.62 9.8 4.50 4.3 
4.80 7.6 4.80 10.0 4.70 4.3 
5.08 7.3 5.10 9.4 5.02 4.2 
5.45 6.8 5.50 9.1 5.41 3.6 
5.92 5.3 5.92 8.1 5.87 2.9 
6.40 3.9 6.35 7.0 6.20 1.9 
| 


The a-amylase preparations used to obtain the data were not pre- 
pared specifically for the purpose but were those available from other 
studies. Sorghum and barley a-amylases were prepared by dialyzing 
extracts against running tap water for 18 hr, then heating at 70°C for 
60 min. The wheat a-amylase was prepared by adjusting the extract to 
pH 6.0 with calcium acetate, then heating for 15 min at 70°C. The 
unit values reported represent the rate of dextrinization of 2% boiled 
soluble starch at 30°C; the valugs for pH are those found in the reaction 
mixtures immediately following dextrinization. 

The data of Table 1V show that with all three a-amylases, barley, 
wheat, and sorghum, the optimum hydrogen-ion concentration for 
starch dextrinization at 30°C was in the neighborhood of pH 4.5. The 
dependence of this value on the working conditions makes any attempt 
to determine ‘‘exact”’ single pH values for optimum activity of little 
meaning. However, it appears from Table IV and Figure 1, and from 
the previously determined characteristics of barley and wheat malt 
a-amylases (Kneen, Sandstedt, and Hollenbeck, 1943), that adjust- 
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ments of reaction mixtures with respect to hydrogen-ion concentration 
should be about the same whether barley, wheat, or sorghum a-amyl- 
ases are used for starch dextrinization. 


Starch Conversion Limits 


When an extract of barley malt is allowed to digest gelatinized 
starch for long periods of time, the production of reducing groups, cal- 
culated as maltose, approaches a level corresponding to nearly 100% 
conversion of the starch. In contrast to this, the action of 6-amylase 
results in only about 60% conversion of the starch to maltose. It has 
been shown (e.g., van Klinkenberg, 1934; Hopkins and Kulka, 1942; 
Kneen, 1943) that, although the action of a-amylase prepared from 
barley malt results in a relatively slow production of reducing groups, 
when this digestion is continued for sufficiently long periods of time or 
with sufficiently high levels of amylase, conversion levels approach 
those typically achieved by the action of unheated barley malt extract. 
It has been indicated that in dextrinization or in saccharification of 
starch the action of a sorghum malt extract could be distinguished from 
that of barley malt a-amylase only by the lower production of reducing 
substances per unit of a-dextrinizing activity effected by the sorghum. 
These ‘‘conventional”’ techniques of evaluation apply only to the early 
stages of conversion. In a further comparison the actions on starch 
over longer periods of time (post-dextrinization) were investigated. 

Saccharification by a-Amylases and Malts. Sorghum and barley 
a-amylases were prepared by heating extracts of the appropriate malts 
at 70°C for 10 min with added calcium ions. The starch saccharifying 
actions of these were compared with those of the unheated malt extracts 
and with that of another type of “‘a-amylase,”’ an extract of mold bran 5 
(Aspergillus oryzae grown on wheat bran). The five extracts were 
adjusted to approximately equal starch dextrinizing times, 20 min for 
the heated and unheated barley malt extracts and for the unheated 
sorghum malt, 21 min for the heated sorghum malt extract, and 23 
min for the mold bran extract. A 20-ml aliquot of 2% starch at pH 
4.7 (acetate buffer) was used as the substrate and sufficient buffer 
added with the extract to bring the final volume to 30 ml. The reac- 
tion temperature was 30°C and toluol the preservative. Aliquots for 
the determination of reducing value were withdrawn after 15, 30, 75, 
and 180 min of action and again after 24 hr. The results are shown in 
Figure 2. Those given for 48 hr were interpolated from other deter- 
minations made with the same materials. 

The data of Figure 2 show that at the points where the reaction 
mixtures gave red-brown colors with iodine apparent conversions of 


’ Under the conditions used the optimum hydrogen-ion concentration for the activity of the mold 
bran extract essentially coincided with that found for the cereal preparations. 
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starch to maltose were about 65% for the barley malt, about 25% for 
the barley a-amylase and for the mold bran, and about 21% for either 
the sorghum a-amylase or the unheated sorghum malt. The effective- 
ness of 8-amylase in causing rapid starch saccharification is evident in 
the action of the barley malt extract; this extract, though equal in 
starch dextrinizing activity, actually had considerably less a-amylase 
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Fig. 2. The starch preparations compared 
activity than any of the others compared with it (part of the dextriniza- 
tion being effected by the B-amylase). Again, the deficiency of sor- 
ghum a-amylase in early saccharifying activity is illustrated. 

The data of Figure 2 well illustrate the deficiency of customary 
methods for the evaluation of the saccharifying activity of amylase 
preparations. If the evaluation were based on determinations made 
at the end of 15 to 30 min of reaction (essentially the Lintner type of 
method), barley malt would show up as a good saccharifying agent and 
either mold bran or sorghum malt as very inferior in this respect. 
However, observation of the post-dextrinization action may reverse this 
conclusion. At the end of 24 hr of action the mold bran proved to be 
more efficient than barley malt and the sorghum malt was approaching 
it in level of conversion. These tendencies were maintained after 
48-hr action and emphasized in the case of the sorghum malt. It 
should be noted that the indicated difference in conversion efficiency 
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between mold bran and barley malt is due both to the conditions of 
the experiment and to the particular preparations used. When the 
same barley malt was compared with an “‘inefficient’’ mold bran, 
apparent conversion levels at the end of 46 hr were 95% for the barley 
malt and 91% for the mold bran. 

During the first 3 hr of saccharification a higher production of 
reducing groups resulted from the action of barley malt a-amylase than 
from the action of either sorghum malt or sorghum malt a-amylase. 
(In another comparable experiment it was found that the conversion 
levels for a sorghum a-amylase and a barley a-amylase coincided after 
6 hr of action.) The difference between the sorghum and barley 
a-amylases was not maintained and conversion levels were the same 
after 24 hr, about 70%. In contrast, the unheated sorghum malt 
extract carried apparent conversion to over the 80% level in 24 hr 
and to over 90% in the 48-hr period. 

The ‘‘starch conversion” data shown in Figure 2 were obtained by 
calculating as maltose the reducing substances produced by hydrolysis. 
This is, of course, not necessarily a true representation of the facts. 
Both reducing dextrins and glucose may result from the action of an 
amylase preparation and in degrees dependent on the particular enzyme 
system utilized. Accordingly, the actions of the same extracts were 
followed by a fermentation technique. 

Production of Fermentable Sugars by a-Amylases and Malts. In the 
fermentation study the ‘‘pressure-meters’’ of Sandstedt and Blish 
(1934) were used with a reaction mixture composed, in each case, of 
10 ml of 6% boiled soluble starch, 0.5 g compressed baker’s yeast, 0.5 g 
dried yeast ‘‘activator’’ (Blish and Sandstedt, 1937), the same volumes 
of the extracts as used to obtain the data of Figure 2, and sufficient 
water to bring the total volume to 20 ml. The reaction mixtures were 
buffered at pH 6.0 with phosphate, but the fermentation products re- 
duced this to approximately pH 4.0 after a 24-hr fermentation. It 
should be noted that in the fermentation experiments the substrate was 
600 mg starch as compared to the 400 mg used for the previous sac- 
charification. Further, an additional comparison was made—barley 
malt was used in two concentrations, one having a dextrinization time 
equal to the other preparations, the other adjusted so that it had an 
equal a-amylase concentration. 

The fermentation results are shown in Figure 3. The data are 
similar to those obtained by the measurement of reducing groups 
(Fig. 2), but the differences between the heated and unheated extracts 
are greatly emphasized. The heated barley malt (barley a-amylase) 
and the heated sorghum malt (sorghum a-amylase) were very similar 
in their capacities for producing fermentable sugar and the 24-hr 
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conversion levels were very low for both. It should be recalled that 
the activity of barley malt a-amylase is rapidly lost at high concentra- 
tions of hydrogen-ions. To achieve high levels of conversion to fer- 
mentable sugars by a-amylase prepared from barley malt, it is neces- 
sary to use relatively massive amounts of enzyme. In the experiment 
recorded in Figure 3, a-amylase equivalent to about 0.2 g of malt was 
used with 600 mg of starch. In another experiment of comparable 
nature, approximately five times this amount of barley malt a-amylase 
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Fig. 3. The production of fermentable sugars from starch by various amylase preparations compared 
at equal dextrinizing activities. 
reacting with 600 mg starch resulted in a pressure of 330 mm of mer- 
cury after a 24-hr action. 

In the production of fermentable sugars, as in the production of re- 
ducing substances, barley malt was more effective in the early stages 
than either mold bran or sorghum malt. Again, the mold bran extract 
brought about a higher level of conversion after 24 hr than did the 
barley malt of equal dextrinizing activity. However, the use of barley 
malt at an equivalent a-amylase level (broken line) resulted in a 24-hr 
conversion approximately equal to that given by the mold bran. 
Conversion by the sorghum malt was consistently lower than those 
brought about by either the barley malt or the mold bran but ap- 
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proached them in the later stages of the reaction. Some concept of 
the efficiencies of the conversions recorded in Figure 3 may be obtained 
from the results of a comparable fermentation but with maltose as the 
substrate. When the amount of this sugar theoretically possible as 
the result of complete conversion of 600 mg starch was fermented, the 
gas production after 24 hr registered as a pressure of 500 mm mercury. 
In other experiments (unpublished) with starch as a substrate and with 
higher levels of mold bran or barley malt, pressures in the neighborhood 
of 450 mm mercury after 24 hr have been common. 
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Fig. 4. The production of fermentable sugars from starch by unheated and 
heated extracts of germinated sorghums. 


The Presence of B-Amylase in Sorghum Malts. The data of Figures 
2 and 3 indicate that heating a sorghum malt extract at 70°C caused a 
differential inactivation of an amylase other than a-amylase; the man- 
ner of this loss of activity appears to be similar to the inactivation of 
barley malt 6-amylase under the same conditions. The extracts of 
germinated samples of three sorghum varieties, Day milo, Pink kafir, 
and Early Kalo, were then heated at 70°C for 15 min with added cal- 
cium ions and in each case the production of fermentable sugars com- 
pared with that of the corresponding unheated extract. The fermenta- 
tion curves are given in Figure 4. The extracts were adjusted to give 
approximately equal starch dextrinization times—20 min for the heated 
or the unheated Day milo, 21 min for the two Pink kafir samples, and 
24 min for the heated or the unheated Early Kalo. Since the B-amylase 
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present in these samples was too minute to influence noticeably dex- 
trinization rates, the extracts were therefore approximately equal in 
a-amylase activity. The amounts of starch, yeast, ‘‘activator,’”’ and 
the total volume of liquid in this fermentation, as in those to be de- 
scribed later, were the same as used to obtain the data of Figure 3. 
The quantities of fermentable sugars produced by the three sor- 
ghum a-amylase preparations (heated extracts) were comparable 
throughout and only slight differences between them were apparent 
after 24 hr; at the end of this period Day milo was highest in gas pro- 
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Fig. 5. The influence of increments of 8-amylase on the saccharification 
of starch by sorghum a-amylase. 
duction, Pink kafir lowest, and Early Kalo intermediate. In contrast, 
the unheated extracts differed markedly in activity. It appears that 
the greatest concentration of the thermolabile sugar-producing enzyme, 
relative to a-amylase, was in the Day milo extract. Early Kalo was 
lowest and Pink kafir intermediate. These fermentation curves for 
unheated extracts of germinated sorghum can be simulated by com- 
binations of a- and B-amylase. This is shown in Figure 5. 

The data of Figure 5 were obtained by adding 8-amylase prepared 
from barley to aliquots of a sorghum malt a-amylase preparation and 
recording the comparative productions of fermentable sugar. The 
B-amylase was a precipitate prepared by the technique of Kneen, 
Sandstedt, and Hollenbeck (1943) and the concentrations indicated 
are mg of the dry powder. Additions varied from 0.005 to 0.05 mg 
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but in no case was the amount sufficient to change either the starch 
dextrinization time of the a-amylase or the production of reducing 
groups during this dextrinization. Even the highest 8-amylase incre- 
ment, 0.05 mg, therefore would not be recorded by customary methods 
of evaluation, yet it was sufficient to result in a very active production 
of fermentable sugars in the post-dextrinization period. 

A comparison of the fermentation curves of Figure 5 with those of 
Figure 4 demonstrates that the presence of minute amounts of B-amyl- 
ase in sorghum malt extracts could result in actions very comparable to 
those of the natural products. In closely controlled experiments the 
fermentation curve for the Day milo sample was found to coincide 
approximately with a curve given by an equal amount of a-amylase 
plus 0.04 mg of 8-amylase and that of the Pink kafir sample with 
a-amylase plus 0.02 mg of 8-amylase. The action of the Early Kalo 
sample resulted in a curve just below that given by a combination of 
a-amylase and 0.01 mg of 8-amylase; it was estimated that approxi- 
mately 0.008 mg of 8-amylase would be required to give a comparable 
curve. 

The $-amylase activity of the concentrate used to supplement 
a-amylase in the preceding experiments was determined and found 
to be 532 Kneen-Sandstedt units per gram. Calculating from the 
increments of B-amylase necessary to simulate the reaction curves of 
the natural products and from the weights of the samples represented, 
the 8-amylase activities of the three germinated sorghums were found 
to be 0.24 units for the Day milo, 0.093 units for the Pink kafir, and 
0.028 units for the Early Kalosample. The activities were for extracts 
obtained by a 1-hr extraction at 30°C with dilute calcium chloride 
solution. When these 6-amylase activities are compared with the 
activities of germinated barley, wheat, or rye (e.g., Kneen, 1944), it is 
apparent that their magnitude is from one thousandth to one hundredth 
as great as those common to the cereals rich in B-amylase. In fact, 
the B-amylase activities of the germinated sorghums are of the same 
order as the a-amylase activities of ungerminated cereals. 

The Presence of a Third Saccharifying Factor in Sorghum Malts. \t 
was indicated in the foregoing that the saccharifying actions of germ- 
inated sorghums could be essentially duplicated by combinations of 
sorghum a-amylase and barley B-amylase. This was true to a limited 
extent only. When saccharification was evaluated by the determina- 
tion of reducing groups produced, as in the experiment recorded in 
Figure 2, higher apparent conversions were given by the natural ex- 
tracts than by the combinations of a- and 8B-amylase. Examples of 
this are given in Table V. The increments of 8-amylase used with the 
a-amylase were somewhat greater than necessary to duplicate the 
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early actions of the unheated extracts but not sufficient to change 
appreciably either the dextrinization rates or the saccharification ac- 
companying this dextrinization; the Day milo a-amylase was sup- 
plemented with 0.05 mg of 8-amylase and the Pink kafir a-amylase 
with 0.025 mg. 


TABLE V 


SACCHARIFICATION OF STARCH BY SORGHUM MALTs, SORGHUM a-AMYLASES, 
AND COMBINATIONS OF a@- AND B-AMYLASE 


Apparent starch conversion 
Dextriniza- 
Extracts tion time 
30 min | 90 min 3 hr 6 hr 24 hr 48 hr 
min % % % % % % 
Day milo malt 20.5 25.6 41.3 54.2 69.8 87.6 94.0 
Milo a + 0.05 B 20.0 26.4 42.8 56.3 71.3 83.7 85.8 
Milo a-amylase 20.0 25.7 36.3 43.8 51.6 67.7 74.4 
Pink kafir malt 20.3 26.7 40.6 49.5 61.6 86.2 94.4 
Kafir a + 0.025 8 21.3 24.9 39.9 49.9 62.7 84.1 89.4 
Kafir a-amylase 21.3 24.2 36.7 44.2 52.4 69.4 77.3 


The data of Table V show that the amounts of 6-amylase present 
were sufficient to effect slightly greater apparent saccharifications after 
6 hr of action than those brought about by the enzymes of the cor- 
responding natural, unheated extracts. However, after 24 hr the 
orders were reversed and the natural products gave greater conversions 
than did the corresponding combinations of a- and B-amylases. These 
differences became more pronounced as the reactions continued and 
at the end of the 48-hr period amounted to nearly 9% higher conversion 
for the natural Day milo extract and nearly 6% for the Pink kafir. 

The same tendencies as evidenced by data on the production of 
reducing groups were evident when the production of sugars was eval- 
uated by fermentation. In the fermentation study the action of 
unheated Pink kafir malt extract was compared with that of a com- 
bination of a-amylase prepared from this malt plus the amount of 
barley 6-amylase necessary to simulate the fermentation curve in the 
early stages. The results are given by the curves of Figure 6. The 
‘“‘1x”’ concentrations shown in the figure represent a malt extract with 
a dextrinization time of about 20 min, and the same a-amylase plus 
0.02 mg of precipitated B-amylase. The curves indicated as ‘‘2x”’ 
resulted from using twice as much enzyme in each case and those 
shown as ‘‘3x’’ from using triple the enzyme concentrations. The 
amounts of starch, yeast, and activator, and the total volumes of reac- 
tion mixture were held constant throughout. 

The data of Figure 6 show that the unheated extract had a greater 
starch converting efficiency than the combination of heated extract 
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plus B-amylase. This was true for any of the three levels of enzyme 
concentration but did not become apparent with the lowest level until 
after a fairly high degree of conversion was obtained, about 30 hr of 
fermentation. With the two higher levels of enzyme the superiority 
of the unheated extract in saccharification was pronounced some 10 hr 
earlier. The superiority of the natural products over the ‘‘synthetic”’ 
was at most only to the extent of about 5% greater conversion. This 
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Fig.6. A comparison of the saccharifications of starch by a sorghum malt extract and by a combination 
of sorghum a-amylase and barley 8-amylase. 


40 


small difference becomes more significant when it is supplemented with 
the data of Table V and when it is considered that the amylase activity 
of the synthetic malt extract, as recorded in the early stages of fer- 
mentation, was slightly greater than that of the natural, unheated 
extract. 

The data of Figure 6 and Table V indicate that heating sorghum 
malt extracts at 70°C in the presence of calcium ions caused not only 
an inactivation of the small amounts of 8-amylase present but also an 
additional change, possibly the inactivation of another saccharifying 
enzyme. This third factor appears to be effective in the later stages of 
starch saccharification, i.e., in the conversion of dextrins to fermentable 
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sugars. Kerr, Meisel, and Schink (1942) and Kerr and Schink (1941) 
have demonstrated that fungal amylase preparations contain an a-glu- 
cosidase that is capable of splitting limit dextrins to fermentable sugar. 
Meyer and Bernfeld (1940) found that the a-glucosidase of yeast sup- 
plemented the action of 8-amylase in the degradation of starch to 
fermentable sugars. Further, Myrback (1943) and Myrbick, Orten- 
blad, and Ahlborg (1943) postulated that the continued splitting of 
dextrins in the later stages of enzymatic starch degradation is influenced 
by the presence of unidentified enzymes other than the recognized 
amylases. In addition to fungal preparations, barley malt extract 
was considered to be a fair, but variable, source of these dextrin- 
splitting enzymes. The present work substantiates these concepts 
and expands them by indicating the presence of such an enzyme in 
sorghum malt. If such a dextrin-splitting enzyme is present, it might 
be appropriate to refer to it in general terms as a “‘dextrinase.”’ ® 

The Use of Sorghum Malt in Alcohol Production. The effectiveness 
of minute amounts of 8-amylase in supplementing starch degradation 
by a-amylase indicates that high levels of 8-amylase may not be neces- 
sary for efficient saccharification of starch. In collaboration with Dr. 
G. M. Severson, a number of samples of Pink kafir malt were compared 
with barley malt and with mold bran for the production of ethanol from 
corn. After a 72-hr fermentation, the average of results obtained for 
the sorghum malts used at a 7% level was 32.8 g of absolute alcohol per 
100 g of total dry matter introduced as compared to approximately 35 g 
of ethanol yielded by the action of either barley malt or mold bran. 
This substantiates the recognized utility of sorghum malt in starch 
saccharification (Norris and Viswanath, 1923) and in brewing (Lazar, 
1938). However, the ethanol yields when using sorghum malt were 
not as high as those given by barley malt. Part of this deficiency in 
yield may be due to the recognized resistance of the starch of uncooked 
sorghum malt to saccharification. 

The results emphasize the inadequacy of customary tests, e.g., 
those of the Lintner type, for evaluating the saccharifying power of 
sorghum malt; this applies equally well to the evaluation of other 
enzyme systems, such as that of mold bran, where the majority of 
saccharification occurs in the post-dextrinization period of starch 
conversion. If the utility of amylase systems is based on their action 
over long periods of time, methods of evaluating saccharifying power 
must be adjusted to record the presence of those enzymes which, either 
by the nature of their action or by their occurrence in minute amounts, 
do not influence sugar production in the primary stages of starch 
conversion. 


6 *‘Dextrinase,”” as used here, should not be confused with the dextrin-producing enzyme of the 
older literature. 
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Summary 


A number of sorghum varieties were germinated, either in ‘‘rag 
dolls” or by a drum malting procedure, and their amylase systems 
investigated. The studies dealt with comparisons of starch liquefying, 
dextrinizing, and saccharifying activities, with responses to differential 
thermal inactivation, and with the establishment of optimum hydrogen- 
ion concentrations for activity at various temperatures. 

The amylase system of sorghum malt was found to be composed of 
an a-amylase accompanied by relatively minute quantities of 6-amyl- 
ase. Both of these amylases appeared to be similar in many properties 
to the corresponding components of the barley malt system. When 
compared with barley a-amylase, the a-amylase of sorghum malt had 
the same optimum pH range for activity (in the neighborhood of pH 
4.5), a similar trend in exhibiting a stability optimum at a higher pH 
value than that optimum for activity, a similar relationship between 
starch liquefying and starch dextrinizing activities, and a comparable 
lack of efficiency in the conversion of starch to fermentable sugars. 
Sorghum a-amylase was similar to that of barley malt in thermostabil- 
ity and it too was stabilized in this respect by the presence of calcium 
ions. It differed in showing a lower production of reducing groups 
per unit of a-dextrinizing activity in the initial stages of starch con- 
version. 

The traces of B-amylase in sorghum malt were too minute to be 
recorded by customary methods of evaluation. The content of this 
enzyme was determined by comparing the action of a sorghum malt 
extract with the action of sorghum a-amylase (heated extract) over an 
extended period of saccharification. The 8-amylase activity was found 
to be of the same order as the a-amylase activity of ungerminated 
cereals—from one hundredth to one thousandth of the activity of a 
cereal rich in 8-amylase. These minute amounts of 8-amylase were 
sufficient to influence greatly the post-dextrinization saccharification 
of starch by sorghum malt extracts; a level of conversion to fermentable 
sugars approaching that brought about by barley malt was obtained 
by prolonged action. 

The starch conversion limits from the actions of sorghum malts 
appeared to be modified by another factor in addition to a- and 
B-amylase. This third component, tentatively called ‘‘dextrinase,”’ 
may be influential in the splitting of dextrins to fermentable sugars. 

The results of the investigations emphasize the deficiency of cus- 
tomary methods for evaluating the starch degrading properties of 
sorghum malt. Though adequate for estimation of starch liquefying, 
dextrinizing, and early saccharifying activities, they may provide no 
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information on the potentialities for producing fermentable sugars over 
an extended period of saccharification. In certain industrial processes 
this action may ‘be of more significance than the ability to cause rapid 
production of sugars. 
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EFFECTS OF PAPAIN, YEAST WATER, CYSTEINE, AND GLU- 
TATHIONE ON GLUTEN DISPERSION OR ON 
DISINTEGRATION AS INDICATED BY 
GLUTEN RECOVERY AND BY 
MIXOGRAM PATTERNS 


C. O. Swanson and A. C. ANDREWS 
Kansas Agricultural Experiment Station ! 


(Received for publication April 22, 1944; presented at the Annual Meeting, May 1944) 


Swanson and Andrews (1945) discussed the dispersion of gluten by 
prolonged mixing of flour-water doughs in which recovery by the ordi- 
nary method of washing in water is difficult or impossible. It was 
shown that while gluten may be dispersed in the starch of dough by. 
prolonged mixing beyond recovery by washing, it is not disintegrated, 
since it may be separated by special methods which were described. 
The effects of papain to be shown in this paper are in a different cate- 
gory. When disintegration of gluten is due to proteolytic action, the 
amounts which can be recovered decrease or disappear. The magni- 
tude of this decrease may be used as a measure of the extent of the 
process. Apparently when complete disintegration has taken place, no 
gluten can be separated from the dough material. 


1 Contribution No. 113, Department of Milling Industry, and No. 294, Department of Chemistry. 
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The term disintegration in this paper is taken to mean any change 
wrought upon gluten structure that causes a deviation from the native 
protein. This deviation may be just sufficient to cause slight molecular 
rearrangements or possible bond ruptures, or it may be so deep-seated 
as to effect complete decomposition of the protein molecules. In dis- 
persion the gluten particles are so intimately distributed among the 
starch granules that separation by washing in water becomes difficult or 
impossible, but the change in the gluten is not sufficient to prevent 
recovery by the method developed by Swanson and Andrews (1945). 

The duration of action as well as the amounts of the proteases are 
important factors. Given sufficient time even small amounts will dis- 
integrate the gluten structure beyond any method of recovery. Larger 
amounts will accomplish the same result in less time. 

The harmful effect of papain on loaf volume and bread texture was 
shown by Flohil (1936). Davidson and LeClerc (1942) showed that 
papain depressed the loaf volume in direct relation to its concentration. 
Bohn and Bailey (1937) found that the presence of papain in dough, 
0.1 mg/g of flour, markedly decreased the stress readings. Rupp and 
Bailey (1937) showed that the work of dough development, computed 
as the area under the farinogram, decreased as the amounts of papain 
in dough increased. Farinograms which show the effect of papain are 
presented by Munz and Bailey (1937). Balls and Hale (1938) state: 
“‘None of our preparations showed marked activity unless treated with 
cysteine or similar activator.” 

The effects of glutathione and yeast water on farinogram patterns 
are presented by Jérgensen (1936). Elion (1943) concludes that the 
‘behavior of glutathione in dough can be explained in accordance with 
and in support of Jgrgensen’s theory.”” The following statement of 
Sandstedt and Fortmann (1943) fails to support this view. ‘‘ While 
proteolysis and reduction produce characteristics in doughs and bread 
that are visually indistinguishable, they have a decidedly different 
action on the gluten proteins.”’ 

The correctness of Jgrgensen’s experiments with glutathione and 
yeast water has not been questioned, but his interpretation has aroused 
much discussion as is shown by the extensive literature citations made 
by Elion (1943). One objection to Jérgensen’s theory is that the action 
seems too rapid to be accounted for by enzyme activation. J¢rgensen 
based his evidence mostly on the effects on the farinogram pattern as 
well as appearance of dough. If there is a disintegrating action on the 
gluten, it should be demonstrated in the difficulties of separating gluten 
by washing and in decrease in quantities obtained. Such experiments 
are reported in this paper. 
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Plan and Purpose 


Papain was chosen for the present work because of its demonstrated 
effects and also because it had been found to have greater influence on 
mixogram patterns than either pepsin or trypsin (Swanson, 1940). 
The action of yeast water was compared with papain because of its 
marked effect on a farinogram pattern, as shown by J¢rgensen (1936), 
and also because of his assertion that it activates (stimulates) the 
proteinases of the flour. Trials were made with glutathione to compare 
its action with that of yeast water. The effects of glutathione isolated 
from wheat germ and from yeast on farinogram patterns had previously 

f been shown by Sullivan, Howe, and Schmalz (1936). Cysteine? was 
included in this work because it was known to affect the mixogram 
pattern similarly to papain (Swanson, 1940), but differed from the 
latter in that no rest period was needed. Balls and Hale (1936) pre- 
sented the belief that the effect of cysteine on gluten is not one of 
activation of an enzyme but rather one of “activation of a protein.” 
They also found that the partially purified proteinase of the papain 
type that has become inactive may be reactivated by the addition of 
cysteine. 

The general purpose of this investigation was, therefore, to de- 
termine whether modifications in mixogram patterns caused by the 
addition of certain substances known to contain —SH groups also indi- 
cate disintegration as measured by amounts of recoverable wet gluten. 
The substances used containing —SH groups were yeast water, cysteine, 
and glutathione. Papain was used as the agent which would cause 
distinct proteolytic disintegration. By using papain it was hoped to 
learn whether the modifications in the mixogram patterns caused by 
yeast water, cysteine, and glutathione were also accompanied by dis- 
integration or whether they were merely the effect of gluten dispersion 
resulting from prolonged mechanical action as shown by Swanson and 
Andrews (1945). They showed that mechanical action does not cause 
disintegration, since the gluten wad could be recovered from severely 
mixed doughs when adequate methods were used. The same criterion 
was used in the present investigation to test the effects of papain in 
comparison with yeast water, cysteine, and glutathione. Change in 
gluten structure was judged to have taken place if there was a marked 
decrease in the weights of the wet gluten obtained by the methods 
developed by Swanson and Andrews (1945). Mixtures of wheat starch 
and dried finely ground gluten were also used in the present study to 
determine whether these various substances act mainly on the gluten 

t material obtained when dough is washed in water. 


2 This term is used for cysteine monohydrochloride. 
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Procedure 


The general procedure was to determine, first, the modifications in 
mixogram patterns caused by the presence of papain, yeast water, 
cysteine, and glutathione and, second, to obtain the amounts of wet 
gluten which could be separated from the doughs taken at the ends of 
the .ixograms. Marked decreases in amounts of recoverable gluten 
mea. disintegration. Besides weighing of the wet glutens, observa- 
tions were also made on behavior during washing. The relative ease of 
obtaining the glutens is a measure of the extent of gluten dispersion and 
of disintegration. 

The same Tenmarg flour, protein 12.6% and absorption 67%, that 
was used previously (Swanson and Andrews, 1945) was employed for 
most of the work. The concentration of papain used was 5 mg/ml of 
water. The yeast water was made by suspending a convenient weight 
of compressed yeast in an equal part of water and boiling for 10 minutes 
(Jérgensen, 1936). Clarification was obtained by centrifuging at 2,000 
rpm in a No. 2 International Centrifuge. This yeast water gave a 
strong nitroprusside test. The cysteine solution was made fresh fre- 
quently and at a concentration of 2.5 mg/ml. Glutathione was used in 
a water solution. These two substances as well as papain were com- 
mercial preparations. 

The dried gluten used in these experiments was separated from a 
dough made from the Tenmargq flour according to the method of 
Swanson and Andrews (1943). Seven grams of this gluten added to 
28 g starch and 25.5 ml water made a dough mixture of usual con- 
sistency. From such a dough could be washed a little over 15 g of wet 
gluten. 

The usual order of adding the ingredients for making the mixograms 
was: flour, water, and solution of reagent. Corrections were made so 
as to have constant absorption. The mixing was started immediately 
after adding these solutions, and hence the time of contact was that 
used in making the mixogram plus the time of removal of dough for 
gluten washing. For most rest periods, the dough was mixed for one 
minute, which was usually sufficient to incorporate all the flour, then 
allowed to stay in the mixograph bowl for the designated time before 
remixing. 


Results and Discussion 


The effects of the presence of papain, yeast water, cysteine, and 
glutathione are shown in the variations of mixogram patterns and in 
amounts of wet glutens which could be separated from the doughs after 
the mixograms were made. Figure 1 and Table I show the effects of 
papain; Figure 2 and Table II, of yeast water; Figure 3 and Table III, 
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of cysteine and glutathione; and Figure 4 the effects of these four 
reactive substances on mixtures of starch and dried, finely ground 
gluten. The observations made on the weights of the glutens and 
properties during and after washing are given in the tables. 

The modifications in most of the mixogram patterns shown in 
Figures 1, 2, and 3 as well as the data in Tables I, II, and III will be 
discussed together. The mixograms in Figure 4 will be treated 
separately. 


7 


Fig. 1. Influence of papain and of rest periods on mixogram patterns. 


Effects of Amounts of Reactive Substances on Mixogram Patterns. 
Increasing the amounts of papain by 5 mg increments up to 30 mg 
decreased the time to reach the peaks of the mixograms. Separate 
trials showed that the maximum effects were not obtained below a 
concentration of 30 mg papain. Yeast water decreased the time to 
reach the peaks, 12 ml producing as great an effect as larger amounts. 
Cysteine was similar to yeast water in shortening the time to reach the 
peaks but did not lower the heights. The cysteine concentration had 
very little effect on time required to reach the peaks. The effects of 
glutathione were similar to those of cysteine. The mixogram patterns 
obtained with the larger quantities of yeast water, cysteine, and 
glutathione show striking similarities. While papain had less effect on 
the mixogram patterns than the other three, there were similarities, 
especially with the larger amounts. 

Decrease in Amount of Wet Gluten. The four materials used re- 
sembled each other in making the gluten separations more difficult as 


PAPAIN INCREASING AMOUNTS 
== 
PAPAIN: NACL ADDED 
PAPAIN REST PERIODS 
_ FLOUR-WATER REST PERIODS 
4 + — = 
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TABLE I 
EFFECTS OF PAPAIN AND REST PERIODS ON GLUTEN RECOVERY 


(Mixograms in Figure 1) 


Mixogram gluten Observations on wet gluten 
recover 
a. Increasing amounts of papain (line 1) 
letter meg 
A 0 13.5 Washing Normal 
B 5 12.9 Washing Somewhat sticky 
C 10 12.9 Washing Sticky 
D 15 12.8 Washing Difficult to assemble 
E 20 10.5 Washing Almost impossible to assemble 
F 25 6.5 WBCF Soft and adhesive 
G 30 3.0 WBCF Soft and adhesive 
b. Adding NaCl at end of mixograms (line 2) 
B 5 13.2 Washing Difficult to assemble 
Cc 10 10.0 WBCF Sticky 
D 15 10.0 WBCF Sticky 
E 15 0.0 WBCF Recovery impossible 


Remixed after stated rest periods (line 3) 


Rest 
periods 

min 
A 0 13.4 Washing Normal 
B 5 11.8 WBCF Slightly ‘sticky 
Cc 10 11.6 WBCF Slightly sticky 
D 15 10.5 WBCF Sticky 
E 20 9.6 WBCF Sticky 
F 30 9.4 WBCF Very sticky 
G 40 9.0 WBCF Assembling difficult 
H 50 5.2 WBCF Assembling almost impossible 


d. Flour-water doughs. Mixed after rest periods (line 4) 


B 20 min 13.8 Washing Normal 
. 75 min 13.3 Washing Normal 
D 150 min 13.1 Washing Normal 
E 5 hr 14.1 Washing Fairly normal 
F 7 hr 14.1 Washing Fairly normal 
G 17 hr 13.2 WBCF Normal 


the concentrations were increased, but papain was the only one which 
conclusively decreased the amounts of wet glutens obtained. As the 
amounts of papain used were increased, the separations became 
increasingly difficult and finally next to impossible. With the smaller 
amounts of papain the glutens could be separated by washing, but as 
the quantities were increased the doughs became increasingly difficult 


dy 
c. Mixed with 10 mg papain. 4 
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to handle and the WBCF (Swanson and Andrews, 1945) method had 
tobe used. In additional trials for which still larger amounts of papain 
were used than here reported or with rest periods up to 2 hours, no 
gluten could be separated. The difficulties in gluten separation by 
washing are due to the extreme slackness of the doughs, as can be 
inferred from the appearance of the last portions of the mixograms. 
With the WBCF method, this difficulty does not exist. As long as all 
the gluten material was not disintegrated, some could be separated. 
Certain limitations were indicated in a former paper (Swanson and 
Andrews, 1945), especially when sodium chloride was used. 


Fig. 2. Influence of yeast water on mixogram patterns. 


The WBCF method will usually give smaller amounts of wet glutens 
than those obtained by washing. It was observed that the glutens 
from the WBCF method were asa rule firmer, and a few determinations 
indicated a lower water content. This partly explains the smaller 
weights. Yeast water was employed to the limit, 24 ml, which means 
no additional water. Larger amounts of glutathione than 15 mg were 
not tried because of limited supply. Some trials indicated that 25 mg 
or more of cysteine would décrease the quantities of gluten obtainable. 
The notable result is the marked decrease in the amount of wet glutens 
obtained when papain was present, a result not obtained with any of 
the other three. The rest periods, as will be shown, produced the 
greatest differences. 

Action of Papain on Gluten. The reduction in the line of gluten 
obtainable with increasing amounts of papain present in the doughs 
appears to be due to enzymatic disintegration of the gluten structure. 


BOLING AND DIALYSIS = 
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TABLE II 


EFFECTS OF YEAST WATER 
(Mixograms in Figure 2) 


Wet 
gluten 
recovered 


Method of 
separation 


Observations on wet gluten 


a. Amounts of yeast water (line 1) 


—ronm>& 


Washing 
Washing 
Washing 
WBCF 
WBCF 
WBCF 


Normal 
Normal 
Separation somewhat difficult 
Normal 
Normal 
Normal 


b, Added 2 g NaCl at end of mixograms (line 2) 


0 
3 
6 
12 


18 
24 


Washing 
Washing 
Washing 
Washing 
WBCF 
WBCF 


Somewhat difficult to assemble 
Normal 

Normal 

Difficult to assemble 

Normal 

Normal 


c. Mixed 1 min with 10 ml yeast water. 


Remixed after the given rest periods (line 3) 


Rest 
period 
10 min 
10 min 
20 min 
30 min 
50 min 
80 min 

110 min 

5 hr 

7 hr 


12.8 
12.4 
12.8 
12.4 
12.6 
13.1 
12.7 
12.1 
12.5 


Washing 
Washing 
Washing 
Washing 
Washing 
Washing 
Washing 
Washing 
Washing 


Check. 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 


No yeast water 


d. Boiling and clarifying yeast suspension and dialysing yeast water (line 4) 


10 
10 
10 


No washing 
No washing 
No washing 
No washing 
No washing 


Explanation 


Yeast suspension as mixed 
Yeast suspension boiled 

Yeast water, clarified 

Yeast water, dialysed 24 hours 
Yeast water, dialysed 48 hours 


In a normally mixed flour and water dough the gluten material behaves 


as if assembled into strands. These gluten strands seem to have a 
greater attraction for each other than for starch, and hence they are 
readily assembled into a wad when the starch is washed away. When 
papain was present, it seemed as though the gluten strands were first 
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separated into finer filaments and then into fragments which could not 
be assembled in washing. This condition is attained gradually. The 
first effect noticed was increased stickiness of the gluten. This became 
more and more pronounced as the amounts of papain were increased or 
the rest periods prolonged. With the increase in stickiness, the 
amounts of recoverable gluten material decreased and the gluten be- 
came runny. 

In contrast to papain the results show that the marked changes in 
the mixogram patterns as a result of increasing amounts of yeast water, 
cysteine, and glutathione were not accompanied by marked decreases 
in the weights of wet gluten obtainable, especially after rest periods. 

Effect of Sodium Chloride Added at End of Mixograms. The well- 
known stiffening action of sodium chloride on slack dough is usually an 
aid in handling for gluten separation. The addition of 2 g of sodium 
chloride, at the end of mixograms made with papain and yeast water 
present, stiffened the dough to such an extent that the pen rose even 
higher than at the peaks (second lines in Figures 1 and 2). This 
stiffening action did not seem to counteract effects of gluten 
disintegration. 

Influence of Rest Periods on Mixogram Patterns. With continuous 
mixing, some time is required for the reacting substance to make con- 
tact with the protein of flour. This partly explains the gradual in- 
crease in the upslope of the mixograms. The rate at which contact is 
made and its accompanying action is shown in the steepness of the 
upslope. The papain was slowest in this respect, the cysteine and 
glutathione the most rapid, and yeast water intermediate. The action 
of papain was according to enzyme behavior, since its effect on the 
mixogram pattern was much more marked when a rest period was used. 

In determining the effects of the rest periods, it was desirable to 
have the amounts of the reacting substances added in such a manner 
that their effects would not be too pronounced and yet large enough to 
be observed readily after rest periods within the practical limits of the 
working periods. Preliminary trials indicated that quantities much 
larger than those used would have such marked effects as to obscure 
the influence of the rest periods, and smaller amounts would not show 
the desired differentiation. The mixing bowls were covered with a 
damp cloth to prevent evaporation during the longer rest periods. The 
laboratory temperature was maintained at or near 27°C (80.6°F). 

The effects obtained on the mixogram patterns with rest periods 
were more pronounced than with continuous mixing (third lines, 
Figures 1 and 2, and lines 2 and 4, Figure 3, and corresponding data in 
the tables). The patterns from yeast water, cysteine, and glutathione 
show marked similarities with each other and differences from those 
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obtained with papain. The extremely long rest periods produced 
notable differences from the short periods. With papain, the short 
periods produced effects comparable to the longer periods obtained for 
the other three. Thus a rest period of 40 and 50 minutes with papain 
had as great an effect as several hours with cysteine and glutathione. 
The action of yeast water was slower. 

Influence of Rest Periods on Gluten Recovery. The greatest effects 
of rest periods were in the much lesser amounts of gluten recovered after 
the use of papain compared with the other three reacting substances. 
From doughs made with 10 ml yeast water (Table II), the glutens could 
be separated by washing, and there was no decrease in amounts even 
after rest periods of 5 and 7 hours. From the doughs made with 5 mg 
of cysteine (Table I11), the glutens could be separated by washing after 
rest periods up to 70 minutes and by the WBCF method after 17 hours. 
The smaller amount, 11.7 g, may be explained by the consistently 
smaller quantities obtained with this method. 

There was also no decrease in the amounts of gluten obtained after 
rest periods with the use of glutathione, since the amount obtained after 
17 hours was the same as after 10 and 15 minutes (Table III). All 
these separations were made by the WBCF method, although all but 
those after 1 hour and 17 hours probably could have been separated by 
washing. The properties of the gluten obtained with glutathione were 
similar to those obtained with cysteine. 

Papain contrasts with the other three in the amounts of gluten ob- 
tained after rest periods (Table 1). The decrease in amounts obtained 
after 15 minutes even by the WBCF method is significant. Additional 
trials showed that after 1 hour only fragments of sticky gluten material 
could be assembled and after 2 hours none. The material obtained by 
the WBCF method and made into a stiff ball with starch would gradu- 
ally disintegrate while being handled in a gentle stream of water. Such 
behavior was used to indicate enzymatic disintegration in contrast to 
gluten dispersion such as was obtained from the use of the other three 
or from overmixing flour-water doughs. 

Physical Properties of Wet Glutens. These reacting substances 
differed in their influence on the physical properties of the wet glutens. 
Papain made the gluten most sticky and difficult to handle, and these 
properties were accentuated with increasing amounts on the lengths of 
the rest periods. The small amounts of gluten material obtained with 
papain after rest periods up to 50 minutes were so adhesive that 
handling was next to impossible. The stickiness of the glutens ob- 
tained with the use of yeast water seemed to be due to the finer texture. 
The glutens from the cysteine and glutathione treatments were similar 
to those obtained from flour and water doughs. 
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Rest Periods for Flour-Water Doughs. The observed changes in 
mixogram patterns obtained from doughs remixed after rest periods of 
various lengths were not altogether due to the presence of any of the 
four materials used in these experiments. Mixograms made from flour- 
water doughs after rest periods of various lengths are shown in Figure 1, 
line 4. The doughs after being mixed for 1 minute were left in the 
bowls for the predetermined times. The glutens were separated by 
washing the doughs taken at the end of the rest periods whose lengths 


CYSTEINE 


Fig. 3. Influence of cysteine and glutathione on mixogram patterns. 


as well as the weights of the wet glutens are given in Table |. These 
weights do not show any decrease resulting from the rest periods, 
although the changes in the mixogram patterns were marked. 

The changes in the mixogram patterns obtained after various rest 
periods indicate modifications in the arrangement of the gluten struc- 
ture in the dough. The constancy in the amounts of wet glutens 
obtained (Table | d) indicates that these modifications do not cause 
disintegration except when the enzyme papain was present (Table I abc). 
Two forces seem to be operative: one produces changes in the mixogram 
patterns; the other causes disintegration of the gluten. This latter was 
distinctly operative only with papain. The force which causes changes 
in the mixogram pattern is accentuated by yeast water, cysteine, and 
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TABLE III 


EFFECTS OF CYSTEINE AND GLUTATHIONE 
(Mixograms in Figure 3) 


Wet 
Mixogram Costsins gluten | as Observations on wet gluten 
recover 
a. Amounts of cysteine (line 1) 
letter mg g 
A 0 13.3 Washing Normal 
B 5 13.7 Washing Normal 
10 12.7 WBCF Normal 
D 15 
E 20 12.4 WBCF Normal , 
F 25 10.4 WBCF Some difficulty in separation 


b. Mixed 1 min with 5 mg cysteine. Remixed after the given rest periods (line 2) 


Rest 
period 
Cc 10 min 13.3 Washing Normal 
D 20 min 13.9 Washing Normal 
E 70 min 14.0 Washing Normal 
F 17 hr 11.0 WBCF Normal 
c. Amounts of glutathione (line 3) 
mg 
A 0 13.3 Washing Normal 
B 5 14.4 Washing Sticky 
- 10 13.5 Washing Sticky 
D 15 12.0 WBCF Normal 


d. Mixed 1 min with 5 mg glutathione. Remixed after the given rest periods (line 4) 


Rest 

period 
B 5 min 11.5 WBCF Normal 
os 10 min 12.0 WBCF Normal 
D 15 min 12.0 WBCF Normal 
E 30 min 12.2 WBCF Normal 
F 1 hr 13.4 WBCF Normal 
G 17 hr 12.0 WBCF Normal 


glutathione. When these agents are not present the changes take place 
much more slowly as shown by the modifications of the patterns ob- 
tained on flour-water doughs after rest periods. 

Effect of Boiling and Dialysing on the Action of Yeast Water. Since 
yeast water had such pronounced effects on the mixogram patterns, 
it was thought desirable to determine whether the active ingredient 
could be removed by dialysis. This was affirmed. The mixograms, 
Figure 2, line 4, were made: A—with unboiled yeast suspension; 
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B—boiled yeast suspension; C—clarified yeast water such as was used 
in this investigation; D—yeast water dialysed for 24 hours; and 
E—dialysed for 48 hours. 

The yeast suspension, made with one half yeast and one half water 
and not boiled, had but slight effect. This suspension gave a negative 
nitroprusside test. The mixogra:in pattern from the boiled, but not 
clarified, yeast suspension was almost the same as the one obtained after 
clarification by centrifuging. Both of these gave a strong nitroprusside 
test. This indicates that the boiling liberates -SH groups and also 
that the material removed in clarifying has but a small effect on the 
mixogram pattern. The patterns obtained with the dialysed yeast 
water were distinctly different from those obtained with the non- 
dialysed and approach very closely those obtained from the nonboiled 
yeast suspension. This shows that the substances in boiled yeast 
water which cause the modifications in the patterns are of such low 
molecular weight that they can be removed by dialysis. 


Mixtures of Starch and Gluten with the Addition of Papain, Yeast 
Water, Cysteine, or Glutathione 


The purpose of making mixograms with mixtures of wheat starch 
and ground dried gluten plus papain, yeast water, cysteine, or gluta- 
thione, respectively, was to determine whether the modifications pro- 
duced are due mainly to their influence on the gluten. The mixograms 
shown in Figure 4 indicate an affirmative answer. It was shown in a 
former investigation (Swanson and Andrews, 1943) that the gluten 
proteins were the main factors affecting the patterns and that those 
with only starch and water were markedly different from those made 
with flour and water. Several recent trials failed to reveal any in- 
fluence of cysteine on mixograms made from starch and water. The 
influence of large amounts of water on patterns was shown by Swanson 
and Andrews (1945). 

The mixograms in Figure 4 are not exactly like the corresponding 
ones in Figures 1, 2, and 3 made with flour. The similarities are, 
however, more obvious than the differences. The latter may be ex- 
plained mostly by the physical condition of the glutens. In flour, the 
gluten is in a very finely divided state, even submicroscopic. The 
particle sizes in the finely ground dried gluten were mostly in the range 
of the large flour particles, about 100u. A longer time was therefore 
required for water and the reacting substances to penetrate the dried 
gluten particles. The similarities of the mixograms in Figure 4 to the 
corresponding ones in Figures 1, 2, and 3 are sufficient to indicate that 
these substances act mainly on the gluten proteins. With continuous 
mixing the effects were not so pronounced as after rest periods. The 
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GLUTEN-STARCH MIXTURES 


= 


Fig. 4. Influence of papain, yeast water, cysteine, and glutathione on mixograms made from gluten 
and starch mixtures. 


Rest periods? 
Line Agent added 
A B D E 
1 Papain 0 20 20-5 20-10 20-20 
2 Yeast water 8 16 16-5 16-10 16-20 
3 Cysteine 10 20 10-5 20-5 10-10 
4 Glutathione , 5 10 10-10 10-20 


1 Figures represent mg or ml of reactive substance added. 
wa" figures represent amounts of reactive substance added. Second figures, minutes of rest 
mixograms produced with yeast water, cysteine, and glutathione, 
especially after rest periods, are strikingly similar to those obtained 
with flour. The conclusion therefore follows that papain, yeast water, 
cysteine, and glutathione act mainly on the gluten proteins in modifying 
the mixogram patterns. 


Summary 

This investigation has shown that there are obvious similarities in 
the mixogram patterns produced by the presence of yeast water, 
cysteine, and glutathione. The modifications obtained in the patterns 
were much greater when the dough was mixed after rest periods than 
with continuous mixing. Since both glutathione and cysteine contain 
sulfhydryl groups and since the boiled yeast water gave a strong 
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nitroprusside test, it appears that the modifications in patterns caused 
by these three reactive substances are influenced by such groups. That 
several other substances which contain such groups cause marked 
changes in mixogram patterns was shown by Swanson and Andrews 
(1944). None of the quantities of these three substances used in the 
present investigation caused decreases in recoverable wet gluten com- 


parable with papain. 
The effect of papain is in a different category. The mixogram 


patterns produced with papain were similar to those with the other 
three substances from continuous mixing, but with rest periods papain 
produced distinct pattern differences. Papain showed the most pro- 
nounced differences in the amounts of recoverable wet gluten. By 
increasing the amounts of papain or by lengthening the rest periods the 
amounts of recoverable gluten were greatly decreased and no gluten 
‘ could be recovered when the rest periods were sufficiently prolonged. 
This indicates enzymatic disintegration. No such effect was indicated 
with the use of yeast water, cysteine, or glutathione. Any activation 
by these three substances of latent proteases present in the flour which 
might cause enzymatic degradation was not made evident by significant 
decreases in the amounts of recoverable wet gluten. 
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METHODS OF ESTIMATING AND THE EFFECT OF VARIETY 
AND PROTEIN LEVEL ON THE BAKING ABSORPTION 
OF FLOUR ! 


KARL F. FINnNey ? 


(Received for publication June 19, 1944) 


The commercial baking absorption of flour can be defined as the 
greatest amount of water that can be added and still produce a dough 
of such consistency that it can be conveniently and efficiently handled 
in the bake shop and will yield satisfactory bread. A number of 
factors, in addition to the various dough ingredients, influence the 
baking absorption of flour. For example, fermentation is important 
since a dough may be judged to be of the desired consistency when it 
comes out of the mixer, but may not remain so. It may become soft 
and extremely extensible to stiff and very bucky during fermentation. 
It is also well known that absorption depends to some extent on the 
class of wheat, the variety, and protein content. The personal equa- 
tion probably also should be taken into account, for the proper con- 
sistency as judged by one baker will not necessarily be considered ideal 
by another. 

This paper describes three methods for estimating baking absorp- 
tion that have been employed successfully in this laboratory in making 
adjustments for the above factors and in studying, especially, the 
variety and protein content factors. Though not separate and dis- 
tinct, since each succeeding method depends on the preceding one, they 
are herein designated as Methods I, II, and III for convenience in 
discussing them. 

1 The studies re eed herein are a part of the cooperative work carried on between the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri- 
cultural Research Administration, U. S. Department of Agriculture, and the Agricultural Experiment 


Stations of the Great Plains Region. Published as contribution No. 104 of the Department of Milling 
Industry, Kansas Agricultural Experiment Station. 

2 Formerly Associate Chemist, Hard Winter Wheat Quality Laboratory, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of Agriculture, Kansas Agricultural Experiment 
Station, Manhattan, Kansas. Now Associate Chemist, Bureau of Agricultural and Industrial Chem- 
istry, Federal Soft Wheat Laboratory, Ohio Agricultural Experiment Station, Wooster, Ohio. 
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Material and Methods 


Grain of 10 pure wheat varieties from widely different environments 
representing the entire hard winter wheat region was available for 
milling and baking investigations as part of the wheat improvement 
program carried out by the U. S. Department of Agriculture in cooper- 
ation with the State Agricultural Experiment Stations. About 21 
stations in nine states from Texas to the Dakotas supplied grain. All 
of the stations were not represented each of the five crop years reported, 
and all stations did not grow every one of the 10 varieties. The 
samples for the 1938 crop were, for the most part, composites, but those 
for each of the other four crops, 1939 to 1942, covered a wide range in 
protein within each variety except for Cheyenne, Oro, and Early 
Blackhull. 

Method I. This method consists of mixing the flour and the usual 
ingredients with sufficient water in a micromixer to produce dough of 
the proper consistency. The main features of the micromixer were 
originally designed and constructed by Dr. Earl B. Working, formerly 
of the Department of Milling Industry, Kansas Agricultural Experi- 
ment Station. A commercial micromixer made by the National Manu- 
facturing Company, Lincoln, Nebraska, was used in these studies. 
The principal features are a single planetary head which rotates with 
its pins around three pins in the bowl. The pin system is a modifica- 
tion of that used in the Swanson-Working recording dough mixer. As 
much as 35 g of flour can be mixed at one time without appreciable loss. 

In order to facilitate the addition of the proper amounts of the 
various ingredients, a yeast suspension and a sugar-salt-malt-potassium 
bromate solution are made up in the following proportions: 40 g of yeast 
in 216 ml of water for a total volume of 250 ml; and 96 g sugar, 24 g 
salt, 4 g malt syrup (120°L), 48 mg potassium bromate, and 625.5 ml 
water for a total volume of 695.0 ml. 

Enough of the sugar-salt-malt-potassium bromate solution (8.7 ml) 
to provide 6% sugar and 1.5% salt and of the yeast suspension (2.5 ml) 
to supply 2% yeast are pipetted into the bowl of the mixer. This 
supplies 10 ml of water, or an initial absorption of 50%, for the 20 g of 
flour that is then added, together with 0.8 g of dry milk solids and 0.6 g 
of solid shortening. The last mentioned ingredient is supplied by 
means of a pistonlike dispenser. The ingredients are then mixed for 
about 10 sec, after which varying amounts of water are added, de- 
pending on the consistency of the dough. A 2 ml syringe with 1/10 ml 
graduations is convenient for this operation. It is usually necessary 
to add the water in three or four portions, each followed by a short mix, 
until the dough appears to be of the proper consistency when finallv 
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mixed to a smooth and elastic condition. A second dough is mixed as 
above except that additional water (0.4 ml) is added during the mixing 
to increase the absorption by 2%. 

The two doughs are then fermented at 86°F for 2 hr, during which 
each is punched after 70 min, after an additional 30 min, and after a 
further addition of 20 min. This allows sufficient time for each dough 
to show the effect, if any, of fermentation. The most desirable ab- 
sorption then can be chosen or.estimated from the feel of the two 
doughs. The absorptions as thus determined were used in baking with 
a few minor changes. 

It might appear that this method is laborious and requires too much 
time to be practical. This is not the case, however, when absorptions 
for as many as 15 to 20 or more different flour samples are determined, 
in which case the doughs are mixed at intervals of 4to6min. Also, as 
the operator becomes more experienced, one dough only for each flour 
need be mixed in most cases. 

Method II. This method, which is a modification of Method I, is 
applicable only when there are available a number of flour samples of 
the same variety, but varying considerably in protein content. In the 
present study each variety was represented by several lots of flour 
varying in protein content from approximately 8 to 17%. For each 
variety two composite flours were made, one including all flours below 
about 12.5% protein and the other including all those above. Ab- 
sorptions were then determined on these two flour composites by 
Method I. When these values, corrected to a 13.5% moisture basis, 
were plotted against protein content, a two point protein-absorption 
line was obtained from which it was possible to estimate the absorptions 
for individual samples making up the composites. This requires much 
less work and time than if the absorption of each individual sample is 
determined by Method I. 

Method III, The third method simply makes use of the protein- 
absorption regression lines obtained above. Thus after a protein- 
absorption regression line has been established for a variety, it can be 
applied in quickly estimating the absorptions of all subsequent samples 
of that variety simply from a knowledge of their protein and moisture 
contents. 


Experimental Results 


It was thought desirable first to determine the accuracy with which 
absorptions could be determined by the first method. Accordingly, 
the absorption of each of five lots of flour from the 1938 crop ranging in 
protein content from 11.5 to 14.5% was determined on each of four 
days. The results:are shown in Table I. 


a 
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TABLE I 
ABSORPTION OF FIVE DIFFERENT FLouRS ON EACH oF Four Days 
Flour sample 
Days 
No. 1 No. 2 No. 3 No. 4 No. 5 
% % % % % 
ist day 61 64 65 58 57 
2nd day 62 63 | 66 58 56.5 
3rd day 61 63 64.5 58 57 
4th day 61 64 65 59 56 
Average % 61.3 63.5 65.1 58.3 56.6 


It will be noted that the agreement is remarkably good, the average 
deviation from the mean being equal to or less than 0.5%. 

Doughs were then made from each flour using the average absorp- 
tion given in Table I and also absorptions of 2% above, 2% below, and 
42, below the average. Each lot was baked in duplicate on each of 
two days, using a straight dough containing 200 g flour, 12 g sugar, 
3 g salt, 4 g yeast, 6 g shortening, 8 g milk solids, 0.5 g 120°L malt 
syrup, and 4 mg KBrQ; in conjunction with optimum mixing time. 
Duplicates for each lot-were obtained by dividing each dough into two 
equal parts. Fermentation and baking periods and temperatures were 
the same as those used in the A. A. C. C. baking test procedure. The 
loaf volume and grain-texture scores of the bread are given in Table II. 


TABLE II 


INFLUENCE OF ABSORPTION ON LOAF VOLUME AND 
GRAIN-TEXTURE SCORE OF BREAD 


Flour sample 


ee No. 1 No. 2 No. 3 No. 4 No. 5 


Loaf | Grain | Loaf | Grain | Loaf | Grain | Loaf | Grain | Loaf | Grain 
vol. j|texture}] vol. |texture| vol. |texture| vol. |texture| vol. | texture 


ce ce ce ce ce 


Average + 2% 970} 96 |975| 98 |960| 98 |730| 80 |755| 87 
Average from Table I | 1,000} 95 | 980} 98 |970} 98 |730| 79 |755| 86 
Average — 2% 980} 95 |960; 98 |955| 98 |725/ 80 | 85 
Average — 4% 94 |950; 98 |960; 97 |700; 75 |725)| 81 


Each figure in the table is the average of four loaves (two sets of 
duplicates, each set being baked on a different day). By analysis of 
variance it was found that a difference of 29 cc between mean loaf 
volumes for the different absorption levels within each flour was re- 
quired for significance (P = 0.05). Similar calculations indicate that 
a difference of 3 to 4 units in grain-texture scores is significant. 


| | 
* 
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The results show that a variation in absorption of + 2% did not 
greatly affect the loaf volumes or the grain-texture scores. For flour 
No. 1 the difference in loaf volume reached the level of significance 
when the absorption was 2% in excess of the optimum. Other than 
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Fig. 1. Protein content and baking absorption (13.5% moisture basis) for a number of hard winter 
wheat variety flours representing five crop years. 

this, a variation of 2% in either direction had no significant effect on 
loaf volumes or grain-texture scores. It is evident, however, that a 
decrease in absorption of 4% had a significant effect on loaf volume in 
most cases and on grain-texture scores in some cases. It is pertinent 
to note that the average estimated absorption proved to be the correct 
absorption so far as these tests could determine. 
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The relations between protein content and absorption of 10 varieties 
of the 1938, 1939, 1940, 1941, and 1942 crops are shown in Figure 1. 
The large dots (shown for six varieties only) represent the absorptions 
of the two 1939 crop composites of each variety as determined by 
Method I, i.e., by using the micromixer and basing the final estimate of 
absorption on the consistency of the fermented dough. The absorp- 
tions of the individual samples making up these composites were then 
estimated from the resulting 2-point protein-absorption regression lines 
(Method I1). To further illustrate Method IJ, two flours of Pawnee 
having 9.8% and 12.4% protein made up one composite having 11.1% 
protein, and four flours having 14.8, 15.4, 16.1, and 18.2% protein 
comprised the second composite with 16.1% protein. The absorptions 
for these two composites were then determined by the first method. 
When these two values, corrected to 13.5% moisture basis, were plotted 
against protein content (represented by the two large dots) a protein- 
absorption line was defined from which it was possible to quickly 
estimate the absorptions for the six individual samples. A similar 
process was followed for the other varieties. These estimated values 
for the 1939 samples were used only in baking the first replicate, during 
the course of which corrections were noted in accordance with the con- 
sistency of the doughs. These corrected absorptions were used in all 
subsequent replicates and are represented in Figure 1 by the small dots. 
The circles represent the absorptions of samples from the 1938, 1940, 
1941, and 1942 crops. The absorptions for the 1938 samples were 
determined by Method I and those for the 1940, 1941, and 1942 samples 
by Method III. 

It is obvious that the absorptions estimated from these protein- 
absorption lines did not need to be seriously altered to give the final 
baking absorptions represented by the small dots and circles. The 
greater deviations for Chiefkan are at least partly due to a deliberate 
transgression of those standards of consistency first conceived for this 
variety. During the first two or three years of this study, the doughs 
for Chiefkan were quite stiff at the mixing stage but softened as they 
fermented to such an extent that by the time of panning they had 
acquired quite normal consistencies. In order that this softening effect 
might be better estimated for purposes of variety evaluation, the ab- 
sorptions were increased at the mixing stage to give a more normal 
consistency which by panning time usually had become soft and flowy, 
the degree of which was recorded as an undesirable property of the 
variety. 

Since the points on the graph for each variety lie in substantially 
straight lines, the regression equations for each were calculated and are 
shown in Table III and the regression lines in Figure 2. The data 
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TABLE III 


CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS OF FLOUR PROTEIN 
AND BAKING ABSORPTION FOR 10 HARD WINTER WHEAT VARIETIES 


Correlati i 

Early Blackhull 10 0.91 0.17 Y=1.02X+46.9 
Chiefkan 33 0.79 3.44 Y=1.10X+48.3 
Kharkof 48 0.90 1.68 Y=1.32X+46.5 
Blackhull 42 0.88 2.22 Y=1.42X+42.0 
Comanche 33 0.90 2.05 Y=1.44X+46.1 
Tenmarq 40 0.92 2.11 Y=1.53X+44.1 
Pawnee 36 0.97 0.61 Y=1.55X+41.0 
Nebred 31 0.91 1.99 Y=1.64X+44.0 
Cheyenne 14 0.88 2.10 Y=1.75X+42.3 
Oro 6 0.87 2.33 Y=2.10X+39.8 
Average of all varieties 1.95 


1 Variance of estimate. 
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Fig. 2. Flour protein-absorption regression lines calculated from 1938, 1939, 1940, 1941, and 1942 
crop data plotted in Figure 1. 


show that, in general, the regression coefficients or slopes of the regres- 
sion lines increase as the flour absorption increases. Thus the increase 
in absorption for each percent increase in protein varies from about 1% 
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for Early Blackhull, which has the lowest absorption, to slightly more 
than 2% for Oro, which has the highest absorption. This ‘fanning 
out” of the regression lines is shown to be real by the very highly 
significant correlation coefficient r = 0.86, obtained when their slopes 
were compared with the corresponding absorptions at 16% protein. 

By analysis of covariance the slopes for the various variety regres- 
sion lines were found to be heterogeneous (P = 0.05). Since the 
extremes, Oro and Early Blackhull, were represented by so few samples, 
first Oro alone and then both were omitted in similar tests which still 
indicated heterogeneity (P = 0.05). These facts justify the testing 
for significance of various pairs of slopes within the group of 10 regres- 
sion lines. When this was done it was found that the slopes of the 
extremes, Oro and Early Blackhull, differed significantly (P = 0.05). 
Those for Blackhull, Pawnee, Chiefkan, and Kharkof were not signifi- 
cantly different from that for Oro, P being 0.30, 0.18, 0.23, and 0.18, 
respectively. The slope for Pawnee differed significantly from that for 
Early Blackhull (P = 0.05) while those for Nebred, Tenmarq, Kharkof, 
and Blackhull, on the other hand, did not, P being 0.19, 0.28, 0.48, and 
0.41, respectively. 

The level of absorption for different varieties also is different, 
especially with the higher protein samples. Each of the more im- 
portant absorption differences was compared with the corresponding 
standard error of the difference. Since the sampling variation of the 
regression coefficients was ignored, larger values for ‘‘t’’ at the 5%, 1%, 
and 0.1% level of significance were used than would have been other- 
wise necessary. For example a value for ‘‘t’”’ ordinarily regarded as 
significant at the 1% point was interpreted as indicating significance 
at the 5% point. The results of this approximate test are tabulated in 
Table 1V. At 16% protein, for example, the absorption for Early 
Blackhull is 63% and for Oro over 73%. This difference of 10% is 
very highly significant, being about 5.6 times the standard error of the 
difference, and as shown by the data in Table II is far too great to be 
disregarded in experimental baking. Several other smaller absorption 
differences represented by such pairs as Nebred-Early Blackhull, 
Comanche-Early Blackhull, Blackhull-Nebred, and Comanche-Black- 
hull are even more highly significant statistically, undoubtedly owing, 
for the most part, to the greater number of samples. 

The relatively small number of samples of some varieties and the 
high variances of estimate of others make it difficult to establish some 
differences in slope that probably are real. The variance of estimate 
for Chiefkan, for example, is abnormally high, as explained above, and 
accordingly is not strictly comparable to those for the other varieties. 
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Nevertheless, the heterogeneity of the slopes taken as a whole and even 
when omitting the extremes, the significance of some and the near 
significance of other differences between various pairs of varieties, and 
the very highly significant differences in absorption levels with high 
protein content leave little room for doubt that absorption differs for 


TABLE IV 
COMPARISON OF DIFFERENCES IN ABSORPTION BETWEEN VARIETIES 
Absorption Stendesd Absorption difference 
— difference divided by standard 
Varieties compared 16% error of difference 
% % 

Oro and Early Blackhull 10.18 1.824 5.6t 
Nebred and Early Blackhull 7.02 718 9.8f 
Comanche and Early Blackhull 5.92 .669 8.9t 
Kharkof and Early Blackhull 4.40 .639 6.9t 
Pawnee and Early Blackhull 2.58 604 
Chiefkan and Early Blackhull 2.68 .746 3.6t 
Blackhull and Nebred 5.52 .582 9.5t 
Chiefkan and Nebred 4.34 .661 6.6 
Kharkof and Nebred 2.62 538 4.9t 
Tenmarg and Nebred 1.66 588 2.8* 
Comanche and Blackhull 4.42 8.6t 
Kharkof and Blackhull 2.90 482 6.0t 
Tenmarg and Chiefkan 2.68 .622 4.3t 
Kharkof and Chiefkan 1.72 575 3.0* 


* Significant (P = .05). 

t Highly significant (P = .01). 

t Very highly significant (P = .001). 
different varieties and for different protein levels to a degree that should 
not be ignored in experimental baking tests. Commercially, the value 
of comparatively small differences in absorption has long been recog- 
nized in the cost of bread production. 


Summary 

A study of absorption in baking indicates that variations of 2% plus 
or minus the optimum do not significantly alter loaf volumes or grain 
and texture scores. Absorption determinations can be replicated from 
one day to the next within limits of about 0.5%. 

Using flours of 10 pure hard winter wheat varieties grown in widely 
different environments, absorption was observed to be essentially a 
linear function of protein content within a variety. However, each 
variety seemed to have a different regression line, the slope of which, 
in general, increased as the absorption level became greater. The in- 
crease in absorption per percent of protein varied from about 1% to 
slightly more than 2%. The level of absorption at 16% protein varied 
from 63% to over 73%, which difference was several times that re- 
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garded as being necessary for statistical significance. Regression lines 
for several varieties have been established and successfully used for 
estimating absorptions in experimental baking since 1939. 
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The determination of crude fiber, which is the indigestible part of 
foodstuffs consisting of cellulose, nonwater-soluble hemicelluloses, and 
lignin, as ordinarily performed by 1.25% sulfuric acid and 1.25% 
sodium hydroxide digestion, is probably one of the least accurate of all 
the analyses conducted on foodstuffs. 

Remy (1931), working with vegetables, developed an enzymatic 
(pepsin-hydrochloric acid, neutral malt diastase, pancreatin-sodium 
carbonate) method for determining crude fiber. This method gave 
results showing that approximately 50% of the indigestible residue is 
made soluble during the acid and alkali hydrolysis of the Weende 
method (A.O.A.C. 1930). Horwitt, Cowgill, and Mendel (1936) used 
a modified Remy procedure with spinach, substituting trypsin for 
pancreatin, and a special takadiastase (Clarase 900%),? which will 
liquefy 2,700 times its weight of starch in 10 minutes, was used instead 
of the malt diastase. This enzymatic method gave results three times 
as large as those obtained by the traditional acid and alkali hydrolysis 
method. 

Since there are no reports of similar work with cereals, we have 
applied the Horwitt method and a simplified enzymatic method to 
corn meal.’ 

The enzyme pangestin ‘ was chosen for our study. Pangestin is a 
highly potent enzyme preparation derived from the pancreas of hogs, 
and is capable of liquefying 500 times its weight of starch into soluble 


1 Aided by a grant from the Lewis Institute faculty Sigma Xi Club. 
? Obtained from Takamine Laboratory, Inc., Clifton, New Jersey. 

* Kindly supplied by Elam Mills, Chicago, Illinois. 

* Kindly supplied by Difco Laboratories, Inc., Detroit, Michigan. 
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products. In addition it converts 150 parts of starch into sugars that 
do not produce a color with iodine solution within a period of 10 
minutes. Its high proteolytic activity enables it to digest within one 
hour more than 75 parts of casein into protein split-products which are 
soluble in the dilute acetic acid-alcohol mixture, as described under 
pancreatin in U. S. Pharmacopeia XIIth ed. 1942. Its enzyme activity 
is therefore three times greater than the activity of pancreatin. 

The simplified enzymatic method employed in this study was as 
follows: An amount of dried, finely ground material (0.3 g yellow corn 
meal) containing less than 0.25 g of available carbohydrate is added to 
approximately 100 ml of boiling water and heated until the starch is 
thoroughly gelatinized. This is cooled to 38°C, and 0.1 g of pangestin 
is added. The solution is incubated at 38°C for 48 hours with oc- 
casional stirring. The digest is cooled and the pH adjusted to 7.5-8.0 
with dilute sodium hydroxide solution and incubated for 48 hours with 
another addition of 0.1 g of pangestin. One half milliliter of toluene 
is added daily as an antiseptic during the digestion. The residue from 
this digest is filtered through a Gooch crucible, washed with distilled 
water, then with alcohol and ether, dried at 105—110°C, and weighed. 

To obtain accurate results, it is advisable to conduct a blank test in 
the same way as the regular digestion. This procedure will determine 
any insoluble material in the enzyme, which is then subtracted from 
the total indigestible residue. 

On the same sample of corn meal we obtained 1.83% crude fiber 
with the Weende method, and 8.23% with our enzymatic method. 
This is in agreement with other investigators who found that much of 
the indigestible carbohydrate is dissolved by acid and alkali hydrolysis. 

Analyzing several samples of corn meal by the Horwitt method, we 
obtained an average of 8.76% crude fiber in comparison with 8.23% by 
our method. The results check fairly well, considering the fact that in 
the Horwitt procedure a very potent takadiastase is used with a 
digestion period of 8 days’ duration. 


Summary 


A simplified enzymatic method, which compares favorably with a 
more expensive and time-consuming enzymatic method, has been 
developed. 

This method has been successfully applied to corn meal and gave 
crude fiber values which were approximately four times as large as those 
obtained with the customary Weende method. It is also believed that 
it can be satisfactorily used in the analysis of other cereals. 


] 
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Two BOOKLETS 
YOU’LL SURELY WANT TO READ... 


“HOW BREAD AND 
B-E-T-S 
GOT TOGETHER” 


“THE STORY 
OF 


Sent FREE and POSTPAID—request your copies TODAY! 


In addition to ‘“B-E-T-S”’ for 
bread-enrichment, “‘VEXTRAM”’ 
for flour-enrichment, and RIBO- 
FLAVIN MIXTURE for mixed 
feeds, WINTHROP also has 
available the following nutrients: 


CRYSTALLINE CRYSTALLINE 
VITAMIN VITAMIN C 
d-iso-ASCORBIC ACID 
RIBOFLAVIN VITAMIN Be 


CALCIUM PANTOTHENATE 


Stocked for quick delivery at New York, 
Chicago, Kansas City, (Mo.), Denver, 
San Francisco, Portland, (Ore.), Dallas 
and Atlanta. 


ERE’S reading material that’s a must 

for you, if you want to keep abreast 
of ‘‘goings-on’”’—past and present—in the 
bread and flour-enrichment fields. Send 
today for your copies of these two inter- 
esting booklets. They tell the story of 
Winthrop Chemical Company’s bread and 
flour-enrichment mixtures — ‘‘B-E-T-S”’ 
and “VEXTRAM”—and highlight the 
history of enrichment in the baking and 
milling fields. Direct your request to Spe- 
cial Markets Division, Winthrop Chemical 
Company, Inc. at address shown below. 


Address Inquiries to— 
Special Markets Division 
& WINTHROP CHEMICAL CO., INC. 
170 Varick Street, New York 13, N.Y. 
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Jet me tell you 
the story of— 


Break a pound 


BAKER can tell a lot about a pound 

of yeast just by breaking it. It should 

be firm and springy to the touch, and 
slightly moist. It should break sharp and 


clean. Fleischmann’s does. 


A good break test gives promise of those 
other properties a baker wants in his 
yeast—strength, purity and hardiness. 


Strong yeast acts faster and continues to 
act until temperature reaches 140° F. 


Fleischmann’s acts vigorously in the dough 
from start to finish. 


Fleischmann’s Yeast is not contaminated 
with foreign wild strains and undesirable 
bacteria — elements that interfere with 
normal, healthy fermentation. 


Like other living plants, yeast is perish- 
able. Fleischmann’s is cultivated to ex- 
treme hardiness so that it retains its baking 
strength through shipping and handling. 
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Every User of Fleischmann’s Yeast Knows That He Gets: 


]_ Uniformity—So that each loaf can be ex- 
actly as good as the next. 


Balanced Fermentation—So maturing the 
gluten keeps step with gas production. 

Safety of Ingredients—‘“Insurance” that 
Fleischmann’s Yeast will help produce a fine 
quality loaf of bread. 


4 Dependable Distribution Service —So 
you're sure of receiving your yeast — fresh 


and in the \proper amount when you need it. 


FLEISCHMANN 
868-1945 
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Bread 


Most Good Bread Is Made With FLEISCHMANN’S YEAST 
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* Determinations of ten out of twelve 
elements in plant tissue were re- 
ported done on the Coleman Univer- 
sal Spectrophotometer Model 11! 
This work illustrates the ease with 
which the chemist may use the 
Model 11... always ready for the va- 
riety of tests in soils and plant work! 


Turning one knob permits selection of 
the light band required ... Coleman 
Universal Spectrophotometer at $340.00 
—replaces all visual and filter colorim- 
eters! No filters to buy! 


CURVES AND 
REFERENCES 


Contains val- 
uable information on 
methods for molyb- 
denum, manganese, 
iron, copper, plantand 
soil analysis, vitamins, etc. 
Most of these references cover 
workdone on the Model 11 Coleman 
UNIVERSAL Spectrophotometer. 


Write Dept. CC3 for “Curves and 
References” . . . it contains hun- 
dreds of actual references to prac- 
tical procedures and technics 
using the Model 11. 


* See IND. & ENG. 
CHEM., Vol. 15, No. 8, 
p. 527, Aug. 15, 19438, 
“Quantitative Chemical 
Micro Determination of 
Twelve Elements in Plant 
Tissue" by R. Q. Parke 
et al., U. S. Plant, Soil & 
Nutrition Lab., Agric. Res. 
Adm., Ithaca, N. Y. 


We are an authorized Coleman distributor 


111 NORTH CANAL STREET e CHICAGO6G, ILLINOIS 
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INFORMATION IN 
THIS BULLETIN 
will help you to 
insure high 
quality standards 
for 
MILLED PRODUCTS 


““ENTOLETER”. 
shown above handles 
75 barrels per hour. 
Others available to 
handle 10, 25 or SO 
barrels per hour. 


Write for free copy of this interest- 
ing bulletin, containing 6 pages of in- 
formative text and pictures on latest 
“ENTOLETER” applications, The 
mechanical ‘“‘ENTOLETER” insures a 
new positive method of insect control 
for flour mills and food plants. It 
serves most effectively to protect 
quality of products and helps to avoid 
waste of vital materials. 


Independent tests, supported by actual 
lant performance records, show that the 
““ENTOLETER" is 100% effective in 
destroying insect eggs and other forms of 
infestation in free-flowing dry materials. 


Approximately 3 ft. high by 2 ft. in 
diameter, ‘‘ENTOLETERS” are easily 
installed and inexpensive to operate. 
ENTOLETER DIVISION, The Safety 
Car Heating & Lighting Company, Inc., 
1153 Dixwell Ave., New Haven, Conn. 


INFESTATION DESTROYER 


REG 


U.S PAT OFF. 
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ALWAYS UNIFORM... 


ALWAYS DEPENDABLE 


COVO Shortenings are always uniform, always dependable, made for the 
most exacting uses. 

COVO “S.S.” is the specially hydrogenated shortening for biscuit and 
cracker bakers, potato chip fryers, and other food products in which extra 
keeping quality and shelf life are desirable. 

COVO is outstanding for fine cakes and icings, sweet yeast doughs, cook- 
ies, piecrust —and for frying. 

COVO Super-Mix is the emulsifier shortening that gives extended fresh- 
ness to cakes, icings, and sweet doughs. 

ALL COVO Shortenings are all-vegetable, all-hydrogenated, always uni- 
form ... always dependable. There are no finer shortenings made. 


LEVER BROTHERS COMPANY © General Offices: Cambridge 39, Mass. 


Covo 


COVO S. S. COVO COVO SUPER-MIX 


Adding Monsanto X-C Calcium Phosphate to your 
enriched flour may save up to 50% of the vitamin B; lost 
in baking. Why? Because vitamin B, is destroyed by 
excess alkalinity. X-C Calcium Phosphate, extra rich in 
calcium, keeps enriched flour on 


the acid side. Monsanto CHEMICAL 
Company, Phosphate Division, St. MONSANTO 
CHEMICALS 


Louis 4, Missouri. 


*Extra Calcium 
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INVESTIGATE the ADVANTAGES of 
“PRECISION” KJELDAHL EQUIPMENT 


“PRECISION” Kjeldahl] equipment at Clemson College, South Carolina, 
where fertilizer analyses are conducted for the entire state. 


UNDREDS of "PRECISION" Kjeldahl installations prove 

the ability of this equipment to simplify routine analyses, 
cut down on the time per determination, promote cleanli- 
ness and accuracy, with accompanied savings in operating 
costs. No matter what the size of your laboratory or how 
many nitrogen determinations you run daily, there is a 
“PRECISION” Kjeldah! setup just right for your needs. 
Standard outfits are available consisting of distillation 
only, digestion only, or digestion and distillation combined, 
capacities 6, 12, 24, 36, or 48 units. Single side or double 
side. Specifications submitted and prices quoted without 


Multi- Hood tellurium 
lead fume exhaust with 
individual hoods. Pos- 
itive, more uniform, 
cleaner suction. 


Individual hood provides 
expansion chamber for 
sudden fume burst—pre- Twin-unit portable distilla- 
vents back-flow of con- tion, available in several 
densation. els, gas or electric. 


PRECISION SCIENTIFIC COMPANY 


Engineers and Builders of Laboratory Apparatus ane Equipment 
1750 NORTH SPRINGFIELD AVENUE, CHICAGO, ILLINOIS 
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we’re proud... who wouldn’t 
be with a production record like 
that. 


According to our calculations, it 
happened during the past month 
orso. In some kitchen, somewhere 
in America, the 200 billionth V-90 
biscuit came out of the oven... 
like each of its predecessors an ap- 
petite tempting delicacy that’s be- 
coming a daily favorite among 
folks who enjoy good eating. 


Yes, in the six years that V-90 


has been on the market, this re- 
markable, slow-acting leavening has 
had plenty of opportunity to prove 
itself under widely varying baking 
conditions. Winter or summer, 
time and again V-90 has demon- 
strated its superior baking action 
...in biscuit volume, color, texture 
...in just plain good eating quality. 

Such has been our experience 
with V-90. .. product of Victor’s 
42 years of know-how in the manu- 
facture of phosphates. 


NEF “xising flour sales 


_octing phosphate 
awe that Speeds up self 


VICTOR CHEMICAL WORKS «© 141 W. Jackson Blvd., Chicago 4, III. 


New York,NY + Konses City, Mo. + St Lowis, Mo + Noshville, Tenn Greemboro, N C 
Plants Nashville, Tenn. + Mt Pleasont, Tenn Chicago Heights, it 
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WILL HELP YOU GET. AS 


BREAD SCORE 


by assuring 
uniform— 
accurate — 

test baking 


To get consistently high scoring on 

your bread batches requires good 

equipment besides correct technique 

and materials. 
That's why you stand to score higher 

if you use a Despatch oven. You can 

be sure that every “pup” or pound-loaf 

you put on the hearth will get exactly 

the heat application needed for best ROTARY HEARTH OVEN (special 

No. 150). Standard sizes handle to 

results. 48 pup or 12 one-pound loaves. 
This performance . . . uniform heat 

. accurate, automatic control... . 

convenient flexibility results from 43 

years continuous experience design- 

ing and building ovens for cereal 

chemists laboratories. 


STATIONARY HEARTH OVEN 
. Idec! (No. 139). Bakes 10 to 216 1-pound 
for ropid, accurate loaves at one time. 
moisture testing. Has 
forced draft. 


DESPATCH 


WRITE TODAY for 
“complete bulletins and OVEN COMPANY use 


prices on Despatch ovens. 


eristics 
Grain of Crumb . 15 
TOTAL sco 41 
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At your service... 


... in dealing with enrichment and treat- 
ment problems ... are the experience of 
our nation-wide milling service organiza- 


tion and the facilities of our laboratories. 


WALLACE & TIERNAN CO., INC. Agents for 
NOVADEL-AGENE 


BELLEVILLE 9, NEW JERSEY 
Represented in Principal Cities 


\ 
Agene for standardized ’ 
Novadelox Color P 
NA-115 
2 
— 


